CATALYTIC COMPOSITION FOR THE (CO) POLYMERIZATION OF ALPHA- 
OLEFINS 



Background of the invention 

The present invention relates to a catalytic composi- 
tion for the (co) polymerization of a-olefins. 

More specifically, the present invention relates to a 
catalytic composition based on metallocene complexes which 
include stabilizing hydrocarbyl groups, and a 
(co) polymerization process of a-olefins in the presence of 
said composition. 

It is generally known in the art that catalysts with a 
high activity and selectivity in the polymerization of o- 
olefins can be obtained by combining an organic oxyderiva- 
tive of aluminum (in particular, polymeric methylaluminox- 
ane or MAO) with an n 5 -cyclopentadienyl compound (metallo- 
cene) of a transition metal of group four of the periodic 
table of elements (in the form approved by IUPAC and pub- 
lished by "CRC Press Inc." in 1989) . There have been numer- 
ous publications on the preparation and use of said metal- 
locenes since the eighties; among the first, reference can 
be made to the description of H. Sinn, W. Kaminsky, in Adv. 
Organomet. Chem. , vol. 18 (1980), page 99 and US patent 
4, 542, 199. 

More recently, catalysts of the metallocene type have 



been developed, capable of polymerizing olefins also in the 
absence of organo-oxygenated compounds of aluminum and, in 
any case, such as to include a lower quantity of metals in 
the polyolefins thus obtained. Said catalytic systems are 
5 normally based on the formation of a catalytic species of a 
cationic nature, obtained by the contact of a suitable met- 
allocene with an activator consisting of a strong Lewis 
acid or, more advantageously, an organometallic salt whose 
anion has a delocalized charge and is slightly coordina- 
10 tive, usually a fluorinated tetra aryl borane. Several 
cationio systems of this type are described, for example, 
in the publications of R.R. Jordan in "Advances in Organo- 
»etallic Chemistry", vol. 32 (1990). pages 325-387, and of 
X. Yang.et al. in "Journal of America Chemical Society", 
15 vol. 116 (1994), page 10015, where numerous patent refer- 
ences on the matter, are guoted, together with a wide gen- 

eral survey in the field- 

Other cationic systems based on metallocene and fluoro 
aryl alginates are described in international patent ap- 
20 plication WO 98/0715, disclosing an enhanced catalytic ac- 
tivity. These catalysts, however, are relatively complex to 
prepare and are particularly unstable to air and humidity, 
analogously to those containing boron anions; moreover, 
they cannot be easily adapted to non-alKylated metallocene 
25 complexes. 
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More recently, the presence of an active catalytic 
species of the cationic type has also been assumed in po- 
lymerization catalysis based on metallocenes and aluminox- 



anes , 



One of the unresolved drawbacks of metallocene cata- 
lysts of the ionic type, is the relative complexity of the 
process for their production, as well as various problems 
relating to their stability, both for their preservation 
before use and in relation to the duration of the active 
10 species during the polymerization process. It is well 
known, in fact, that these ionic catalysts can be obtained 
by the direct reaction of an alkyl-metallocene, such as, 
for example, dimethyl bis-indenyl zirconium, with a suit- 
able salt including a boron anion with a delocalized charge 
15 and a cation capable of extracting an alkyl group bonded to 
the metallocene and forming a neutral and stable molecule. 
The use of alkyl metallocenes, however, causes serious 
problems relating to the preservation and stability of 
these compounds, and consequently the possibility is known 
20 of equally obtaining ionic metallocenes also starting from 
the respective chlorides, but using an alkyl aluminum to 
form, in situ, an intermediate alkyl metallocene. This lat- 
ter method, however, does not allow full utilization of the 
metallocene compound, which is partially deactivated, and 
25 also requires the use of high quantities of metal in the 
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co-catalyst, with a consequent deterioration in the dielec- 
tric properties and compatibility with food of the poly- 
meric cr hydrogenated products obtained in the presence of 
said catalysts. 

5 The production of metallocene catalysts for the polym- 

erization of olefins therefore seems to still have signifi- 
cant drawback, in spite of the remarkable progress made 
with respect to the traditional Ziegler-Natta polymeriza- 
tion, and there seem to be considerable margins for further 

10 improvement to meet the increasingly refined demands of in- 

dustry and the market. 

Japanese patent application No. 11-165075 describes 
certain metallocene complexes of a metal of group 4 com- 
prising two styril or oligostyril groups bonded to the 
15 metal. Such complexes are used for the catalytic hydro- 

genation of olefins. 

Studies on the structure and synthesis of bis- 
cyclopentadienyl-allyl complexes of metals of group 4 of 
the periodic table have been reported in literature, in the 
20 publication J . Organomet. Chem., vol. 14, 149-156, (1968) 
page 150. In this study, a significant instability of said 
allyl complexes with time, is observed. 

Subsequently, Italian patent application nr. 
MI00A02776, of the Applicant, describes allyl-metallocene 
25 complexes of group 4, showing a significantly improved sta- 
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bility and performance reproducibility. The allyl- 
metallocene complexes described therein, however, also need 
particular attention during their synthesis and do not have 
a completely satisfactory versatility in the formation of 

5 the desired catalysts. 

in the continuous attempt to satisfy the above demands 
with the development of innovative processes and materials, 
the Applicant has now found a new group of metallocene com- 
plexes with stabilizing hydrocarbyl groups in the molecule, 
10 which surprisingly allow catalytic systems to be obtained, 
which are stable enough to allow their transportation and 
storage for prolonged periods of time and which are also 
suitable for the formation of metallocene catalysts with a 
high activity and stability, combined both with ionizing 
15 co-catalysts and with aluminoxanes and other analogous ac- 
tivators . 

summary of the invention 

A first object of the present invention therefore re- 
ntes to, and is claimed as such, a catalytic composition 

20 for the (co, -polymerization of ethylene and other «- 
olefins, i.e. the homo-polymerization of ethylene and other 
c-olefins, the copolymerization of ethylene with one or 
more other monomers copolymerizable therewith, such as, for 
example, a-olefins, conjugated or non-conjugated diolefins, 

25 styrene and its derivatives, etc., the co-polymerization of 
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c-olefins with each other or with other monomers copolym- 
erizable therewith. Said catalytic composition includes a 
particular metallocene complex, as specified hereunder or 
the product obtained from the combination (i.e. contact and 
5 reaction) of the same with an activator (co-catalyst, se- 
ated from those known in the art of metallocene polymeri- 
zation catalysis, particularly an organic compound of a 
metal M» selected from boron, aluminum, gallium and tin, or 
a fluorinated derivative of a cyclopentadienyl compound, or 
10 a combination of said compounds. 

in particular, said catalytic composition includes, 
according to the present invention, the following two com- 
ponents in contact with each other, or the product of their 
reaction: 

15 (i) a metallocene complex of a metal M of group 4 of 

the periodic table, including at least one n 5 " 
cyclopentadienyl group and at least one unsatu- 
rated hydrocarbyl organic group R' , bonded to the 
metal M; 

20 (ii) an ionizing activator consisting of at least one 

organic or organometallic compound capable of re- 
acting with said metallocene complex (i) so as to 
form, a positive ionic charge thereon by the ex- 
traction of an anion of an unsaturated hydrocar- 
25 bylic organic group and formation of a non- 
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coordinating anion with a delocalized ionic 
charge, 

characterized in that said unsaturated hydrocarbyl group R' 
has the following formula (I) : 

-(AxDyUzJR 1 d> 

wherein: 

A represents any monomeric unit deriving from a vi- 
nylaromatic group polymerizable by means of anionic 
polymerization, having from 6 to 20 carbon atoms; 
D represents any monomeric unit deriving from a conju- 
gated diolefin polymerizable by means of anionic po- 
lymerization, having from 4 to 20 carbon atoms; 
U represents any generic optional monomeric unit de- 
riving from an unsaturated compound co-polymerizable 
15 with any of the above conjugated diolefins D or vi- 

nylaromatic compounds A; 

* represents hydrogen or a hydrocarbyl group having 
from 1 to 20 carbon atoms, 

each index "x" and «y" can be independently zero or an 
integer, provided the sum (x + y) is equal to or higher 
than 2, preferably between 2 and 50, even more pref- 
erably between 2 and 25; 

«z" can be zero or an integer ranging from 1 to 20. 
Said ionizing activators forming component (ii) are 
25 normally known in the art and can be divided into four main 



20 
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groups: I) oxygenated organometallic compounds of the met- 
als of groups 13 and 14 of the periodic table, ID non- 
coordinating ionic organometallic compounds, III) non- 
coordinating Lewis acids and IV, poly-fluorinated cyclopen- 
5 tadienyl or cyclohexadienyl compounds. Compounds of the 
type II), I") and particularly IV. are preferred. 

A second object of the invention relates to a process 
for the <co) polymerization of ethylene or o-olefins, char- 
acterized in that it is carried out in the presence of said 

10 catalytic composition. 

Possible further objects of the present invention will 
appear evident from the following description and examples. 
Detailed description 

The term " (CO) polymerization of a-olefins" as used in 
15 the text and claims, refers to both the homo- and co- 
polymerization of ^-olefins with each other or with a dif- 
ferent ethylenically unsaturated compound, polymerizable 
with these, under the above process conditions. 

The term "suitable", as used in the text and claims, 
20 with reference to groups, radicals and substituents in the 
formulae of organic and organometallic compounds, means 
that said groups, radicals and substituents are compatible 
with the stability characteristics of said compounds in the 
pure state, i.e. substantially inert with respect to any 
25 part of the molecule under examination, on the basis of the 
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, ho „ir a l reactivity generally known to 
characteristics of chemical reactivity 

average technical experts in the field. 

Th e term -derivative", as used herein with reference 
to moncmeric units, means the attainment of said units in 
5 accordance with one of the Known anionic poly-addition re- 
actions, with both a 1-2 and, when possible, 1-4 mechanism. 
Th e monomeric units thus obtained essentially have the same 
structure as the monomer from which they derive, but with 
one ^saturation less, and are bonded by a covalent bond to 
10 both ends of the oligomeric chain. 

Th e metallocene complex (i) in the catalytic composi- 
tion, according to the present invention, is a complex be- 
longing to a new category of metallocene compounds of group 
4 of the periodic table, i.e. titanium, zirconium and haf- 
15 nium, and is characterized by an enhanced stability in se- 
ction or in the pure state, and by a specific reactivity 
during the formation of catalytic compositions suitable for 
promoting ,co, -polymerization processes of a-olefins and 
h yarogenation processes of olefinically unsaturated com- 
20 pounds. Without limiting in any way the present invention 
to any particular theory or interpretation, we believe that 
the advantageous and surprising characteristics of said 
complexes with respect to the mono- or bi-metallocene com- 
pl exes of the known art, can be attributed to the presence 
f at least one unsaturated group having formula (I). 



25 ol 
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bonded to the metal M. 

Preferably, said metallocene complex (i) is repre- 
sented by the following formula (II) : 




(ID 



( R" ) • 



10 



wherein: 



M is a metal selected from titanium, zirconium and 
hafnium, preferably from titanium and zirconium, 
bonded, by means of a coordinate bond, to a first 

15 -rf-cyclopentadienyl group; 

- r" represents an optional group bonded to the metal M, 
consisting of an organic or inorganic radical of an 
anionic nature, different from cyclopentadienyl or 
substituted cyclopentadienyl; 

- the groups fc. fc. *. fc. each independently rep- 
resent, an atom or a radical bonded to said first n>- 
cyclopentadienyl group, selected from hydrogen or any 
other suitable organic or inorganic substituent of 
said cyclopentadienyl group; 

25 - R 6 represents any other suitable organic or inorganic 
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qr oup of an anionic nature, bonded to the metal M; 
. »w» has the value of 0 or 1, according to whether the 
R » group is absent or present in formula (II) . 

in accordance with the previous definition of the com- 
plex having formula (II). the metal M can be selected from 
titanium, zirconium and hafnium, preferably from titanium 
and zirconium. In particular, according to a certain aspect 
of the present invention, the compounds having formula 
,11,, wherein the metal M is Ti or Zr, more preferably Zr, 
in oxidation state + 4 and »w« is 1, are preferred, without 
in any way excluding the use, in said processes, of cata- 
lys ts obtained from compounds with M in oxidation state + 3. 
It has also been found that mixtures of two or more com- 
plexes having formula (II) can be advantageous for particu- 
lar uses in the field of (co, polymerization, possibly com- 
prising two or even three different metals M, with the same 
or different oxidation state, such as, for example, Ti(III) 
and Hf(IV) or Zr(IV) and Hf(IV), which are anyhow included 
in the scope of the present invention. 

in accordance with the widest sense of the present in- 
vention, the group R. , schematically represented with the 
above formula (I), is an unsaturated group consisting of 
several monomeric units of the A and/or D, and possibly 0 
type, as specified above, without any limitation of formula 
, or chain seguence. In this sense, said formula (I) must be 



interpreted in the most general meaning of the empirioal 
formula of said oligomeric group, with no iimitation in the 
formula and in the chain sequence. In this sense, said for- 
mula (I) should he interpreted in the most general meaning 
5 of the empirical formula of said oligomeric group, with no 
limitations in the sequences of said monomeric units or 
gr oups of monomeric units. Moreover, as said oligomeric 
gr ou P s having formula ,1) can be obtained through anionic 
polymerization under controlled conditions, said formula 
0 tl) must be necessarily interpreted, according to common 
practice, as being representative of a mixture of compounds 
deriving from a polymerization process and consequently 
having a varying number of units, distributed around an av- 
erage value which represents the average polymerization de- 
1S gree. The unsaturations car, be of the olefin type, as in 
the D monomeric units deriving from a diene, or of the aro- 
m atic type, as in the A units deriving from a vinylaromatic 
compound . 

Oligomeric groups having formula ID, in accordance 
20 with the present invention, can consist of a single bloc, 
of two or more D units in a sequence, resulting from a sxn- 
,1. conjugated diolefin, possibly partially polymerized 
uith . x-« me chanism and partially with a 1-2 mechanism, 
according to what is fcnown from the anionic polymerization 
25 technique, or from a single bloc, of two or more A units xn 
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. sequence, resulting fro* a single vinylaromatic compound. 

Oligomeric groups consisting of at least two monomerrc 
units A or at least two monomeric units D, different fro, 
each other, deriving fro. two or more conjugated diolefins 
5 or two or more vinylaromatic compounds, are also included 

in formula (I) • 

Oligomers groups consisting of at least one monomeric 
unit D deriving from a conjugated diolefin, at least one 
_ric unit A deriving from a vinylaromatic compound and 
10 possibly at least one co-polymerizable unit U, are also m- 
cl uded in formula ,1). Said oligomeric groups can have a 
statistical distribution of the different monomeric units, 
or can consist of more or less homogeneous blocks of units 
A or D or U, bonded to each other. 

According to a particular aspect of the present inven- 
tion, said formula (!) represents a block oligomer, pref- 
erably di-block, wherein a first bloc, can be distin- 

said first block, in turn, being bonded to a second block 
2 „ essentially consisting of A units alone. Through particular 
methods, known in the anionic co-polymerization technique 
for obtaining elastomers, it is also possible to obtarn 
three-block structures, one of A units alone, one of D 
units alone and the third consisting of A and D units in 
25 statistical sequence (called "tapered" according to the 
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k „own art, . The sequence with which the blocks are bonded 
to each other and to the metal M and to the group rf. re- 
spectively, at the chain ends, can be easily selected by an 
average expert, on the basis of the polymerization tech- 
5 nigues available, as can be seen hereunder. The bloc, D is 
preferably bonded to the metal M. 

Typical diolefins polymerizable via anionic polymeri- 
zation to form monomeric units of the D type, are 1.3- 
di olefins having from 4 to 20, preferably from 4 to 10 car- 
10 bon atoms, such as. for example, 1, 3-butadiene, isoprene, 
chloroprene, 2, 3-dimethyl-l. 3-butadiene, 1, 3-pentadiene, 2- 
m ethyl-l,3-pentadiene, 1, 3-hexadiene, 4, 5-diethyl-l. 3- 
octadiene, 3-butyl-l. 3-octadiene, or certain cyclo- 
diolefins, such as, for example, 1, 3-cyclohexadiene . 
15 Typical vinyl aromatic compounds polymerizable through 

anionic polymerization to form monomeric units of the A 
type, are compounds wherein one group of an aromatic nature 
(also hetero-aromatic, is bonded in a position to a vinyl 
group, i.e. a primary olefin group, for example styrene. 4- 
2 0 tert-butyl styrene, c-methyl styrene, o-methyl styrene, p- 
rcethyl styrene, vinyl naphthalene, 2-vinyl furan and 2- 
vinyl pyridine. Preferred vinyl aromatic compounds are hy- 
d . ocarb yl compounds with 8 to 15 carbon atoms, particularly 



25 



styrene . 

Acrylic and methacrylic esters, such as methyl methac- 
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r»l.t.. ethyl methacrylate, acrylonitrile, methyl acrylate, 
t-butyl acrylate, methyl-2-ethyl acrylate, methyl-2- 
ph enylacrylate are, for example, typical compounds polym- 
erizable with the previous ones, suitable for forcing 
5 monomeric units of the 0 type. 

Particularly preferred R< groups are those wherein the 
sum of the indexes ,x + y+z, is between 2 and 15. According 
to a particular aspect, "z» is egual to 0 and <x + y» is be- 
tween 2 and 15. According another particular aspect, »x» 
10 and are both egual to 0 and said R' group consists of 

an oligomer of a conjugated diene D with an average polym- 
erization degree ranging from 2 to 15. According to a fur- 
ther preferred aspect of the present invention, »x» is 0 or 
an integer higher than zero and y is an integer higher than 



15 zero. 



xhe R 1 group in formula (I) preferably represents an 
aliphatic, cycloalipnatic. aromatic or alxyl aromatic group 
having from 1 to 20, preferably from 2 to 10, more prefera- 
bly £M 3 to 6, carbon atoms and derives from the organic 
20 residue of the polymerization initiator in the preparation 
process of said oligomerio group of formula (I) Typical, 
non-limiting meanings of the group R< are, for example, 
tert-butyl, n-butyl, isopropyl, n-hexyl, cyclohexyl, ben- 

zy l, phenyl, toluyl. 
25 The R» group in formula (ID can have any of the gen- 
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er al or specific meanings normally attributed to it in the 

field of technical literature, with reference to a non- cy- 

clopentadienyl substituent of the metal M in a metallocene 

complex. It can therefore be inorganic or organic, of a 

5 more or less anionic nature, according to the relative 

electro negativity of its atoms. A second end of this group 

can also be bonded to the group in formula (ID, to 

£or m, in the complex, a cyclic structure including the 

me tal M, such as, for example, in the case of a divalent 

,.m, arouo or the group 1,4- 

10 tetramethylene -(CHaXr- group, 

tetramethylene-dioxide -0-(CH 2 >4-0- . 

N on-limiting examples of groups of substituents which 
can be represented, in this case, by R» are: hydrogen, 
halogen such as chlorine or bromine, an alkyl or alkyl aryl 
15 d-C* .-up, an allyl C 5 -C 2 „ group, an alkyl silyl C 3 -C» 
group, a cycloalkyl C 5 -C„ group, an aryl or aryl alkyl 
C 6 -C 2 „ group, an alkoxide or thioalkoxide Cx-C* .roup, a 
carboxylate or carbamate C 2 -C„ group, a dialkyl amide C 2 -C 2o 
group and an alxyl silylamide C 4 -C 2o group. Typical examples 
20 are hydride, halide, especially chloride or bromide, a lin- 
ear or branched alxyl group such as methyl, ethyl, isopro- 
pyl. isoamyl. octyl, decyl, benzyl, an alxyl silyl group 
such as, for example, trimethyl silyl, triethyl silyl or 
tributyl silyl, a cycloalkyl group such as cyclopentyl, cy- 
25 clohexyl, 4-methyl cyclohexyl, an aryl group such as phenyl 



- 16 - 



or tcluyl, an alKoxyl or thioalxoxyl group auch aa meth- 
oxyl, ethoxyl, iao- or sec- butoxyl, ethyl aulfide, a car- 
b oxylate group such as aoetate, trifluoro acetate, propion- 
ate, butyrate, pivalate, atearate, bensoate or, again, a 
S dialxyl amide group such as diethyl amide, dibutyl amide, 
or alxylaiiyi amide auoh as bia (trimethyl silyl. amide or 
ethyl trimethyl silylamide. Among the above, hydrogen and 

. , . . 1M silvl organic groups having 
alkyl, alkyl amide and alKyl siryi 

from 1 to 20 carbon atoma are preferred. 

According to a particularly preferred aapect of the 
pres ent invention, both R' and R» groups are, independ- 
ently, oligomeric groupa of formula (I, . Metallocene com- 
piexes of this type have a particularly high stability, but 
also maintain excellent activities when used as catalyat 
1S components. The two groups R' and R» can represent two dif- 
ferent groups of formula (1) bonded to the same metal M, 
or. even more preferably, can substantially have the same 
formula as they have been obtained through the same anionic 
polymerisation process. When necessary, said complexes can 
20 also include the two groups R< and R» having the same ter- 
minal group R 1 in common, ao aa to form a cyclic structure 
with the metal M. Complexes of this type can be obtained 
starting from a living dianionic group, as apecified in 
greater detail hereunder. 
25 Each of said atoms or radicals Ri* Ra, *3, R«, **. 
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b onded to a first ,-cyclopentadienyl group in the complex 
o£ t ormula ,11). can independently be hydrogen, halogen or 
any h ydrocarbyl group having fro. 1 to 20, preferably fro* 
! t0 10 , carbon atoms, substituted, when necessary, wrth 
5 suitable hetero-atoms suoh as, for example, Si, G., 0. F, 
CI or Br. Typical, non-limiting, examples of these radicals 
are: hydrogen, methyl, ethyl, propyl, isopropyl, butyl, 
sec-butyl, isobutyl, tert-butyl, hexyl. 2-ethyl butyl, oc- 
tyl. decyl, dodecyl, hexadecyl, octadecyl, cyolohexyl, 
10 methyl cyolohexyl, ethyl cyclohexyl, 2, 4, 6-trimethyl cyclo- 
h exyl, octyl cyolohexyl, phenyl, methyl-phenyl, ethyl- 
pnenyl, biphenyl, 2, 4, 6-trimethyl phenyl, octyl-phenyl, 
b en*yl. 4-methyl benzyl, biphenyl methyl, trif luoro-methyl, 
perfluoro-ethyl, pentaf luoro-phenyl, 3, 4, 5-trif luoro- 
15 phenyl. ' dichloro-phenyl, chlorof luoro-phenyl, trichloro- 
methyl, 2-methoxy-ethyl, 2-trif luoro-methoxyethyl, 4- 
methoxy-phenyl and 4-ethoxy-phenyl, trimethyl silyl. tri- 
ethyl silyl. 

Moreover, analogously to what is already Known in 
20 technical literature in relation to other cyclopentadienyl 
complexes of metals of group 4 of the periodic table, two 
or e „en more of said radicals having suitable structures, 
can b e bonded to each other to give a cyclic, or even poly- 
cyclic, saturated, unsaturated or aromatic structure, hav- 
25 ing at least one cordon bond -condensed" (according to the 
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term normally used) with said cyclopentadienyl ring. In ac- 
cordance with the present invention, the indenyl and fluo- 
renyl groups, possibly further substituted, and the corre- 
sponding groups obtained by the hydrogenation of their ato- 
mic rings, are non-limiting examples of said condensed 

cyclic structures. 

Furthermore, according to the present invention, any 
radical or condensed group bonded to said first .-cyclo- 
pentadienyl group, can, in turn, be covalently bonded to 
said group Rs to form a cyclic structure, called "bridged", 
according to the wording currently used in the field, which 
includes also said metal M in the cycle. 

Typical, non-limiting examples of said first cyclopen- 
tadienyl group in formula (II) are, cyclopentadienyl, 
! 2,3-trimethyl cyclopentadienyl, 1,2, 4-trimethyl cyclopen- 
tadienyl, pentamethyl cyclopentadienyl, indenyl, fluorenyl, 
4 5,6,7-tetrahydroindenyl, 1, 3-dimethyl-4, 5, 6, 7-tetrahy- 
aroindenyl, 1, 2, 3-trimethyl indenyl, octahydrof luorenyl. 
the benzo-cycloalxyl pentadienyl groups described in Ital- 
ian patent application Nr. MIOOA000680. 

Said R S group of formula (II) , according to the pres- 
ent invention, represents, in its most general form, any 
organic or inorganic group bonded to the metal «. of a more 
or le ss anionic nature, according to the relative electro- 
5 negativity of its atoms, analogously with the usual definr- 



tion of a generic ligand of the metal in a metallocene com- 
plex. R 6 can have, for example, any of the previously men- 
tioned meanings for the R" group. It can be hydrogen, a 
halogen or an alkyl, cycloalkyl, aryl, alkoxy, aryloxy, am- 
5 ide or carboxy group, having from 1 to 30, preferably from 
1 to 20, carbon atoms. A second chain-end of R e can also be 
joined to the group R", or preferably to said first cyclo- 
pentadienyl group in formula (ID, to form an overall cy- 
clic structure including the metal M, as, for example, in 
10 the case of a divalent tetramethylene -(CH 2 ) 4 - group, or the 
group 1,4-tetramethylenedioxide -0-(CH 2 ) 4 -0-, 1,2- 

ethylenebis-n 5 -cyclopentadienyl groups . 

Non-limiting examples of substituent groups which can 
be represented, in this case, by R 6 are, hydride, halide 
15 such as chloride or bromide, an alkyl or alkylaryl Cl -C 2 o 
group, an allyl C 3 -C 20 group, an alkylsilyl C 3 -C 20 group, a 
cycloalkyl C 5 -C 20 group, an aryl or arylalkyl C 6 -C 20 group, 
an alkoxide or thioalkoxide Cl -C 20 group, a carboxylate or 
carbamate C 2 -C 20 group, a dialkylamide C 2 -C 20 group and an 
20 alkylsilylamide C 4 -C 20 group. Typical examples are: hydride, 
methyl chloride, ethyl, butyl, isopropyl, isoamyl, octyl, 
decyl, benzyl, trimethyl silyl, triethyl silyl or tributyl 
silyl, cyclopentyl, cyclohexyl, 4-methylcyclohexyl, phenyl 
or toluyl, methoxyl, ethoxyl, iso- or sec-butoxyl, ethyl 
25 sulfide, acetate, trifluoro acetate, propionate, butyrate, 
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pivalate, stearate, benzoate, diethyl amide, dibutyl amide, 
bl s ( trimethyl silyl. amide or athyl trimethyl silylamide. 
„n, tha above-mentioned products, hydrogen and .1*1. al- 
ky l amide and alfcyl silyl organic groups having from 1 to 
5 20 carbon atoms, are preferred. 

According to a particular, preferred aspect of tha 
present invention, said R, includes a second cyclopentadi- 
enyl group, .'-coordinated to the metal M, and can also be 
optionally bonded, by means of a covalent bond, to any non- 
10 monovalent atom of said first cyclopentadienyl group, pref- 
erably in substitution of the group R„ to for™, as men- 
tioned above, a bridged cyclic structure including the same 
me tal M. in particular, said R 6 group can have the follow- 
ing formula (III) : 

15 

(III) 




wherein each of the different R' lf »',. »' » »'« R '°< 

20 groups is independently selected from any of the different 

meanings previously mentioned with reference to the *. fc. 

R 3 , R., Rs groups of said first cyclopentadienyl group. Whan 

„f formula (III) is bonded to said first cycle- 
s*id aroup of formula u^/ 

pentadienyl group to form a so-called "bridged" cyclic 
25 structure, said Ri and R' i groups preferably form together 
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. divalent group having 1 to 20, preferably 2 to 15 carbon 
ato ms and possibly also containing atoms selected from 
siiicon, germanium and halogens, particularly fluorine. 
TYP ical, non-limiting examples of said divalent .roups are 
5 .ethylene, 1, 2-ethylene, X. 3-propylene, 1, 4-butylene, 1,4- 
bu t-2-enylene, dimethyl silylene, diethyl silylene, 1,2- 
tetramethyldisilylene, 1, 2-xilylene, 1, 3-xilylene, 1.2- 
pn enylenemethylene, diethyl germylene. 

Non-limiting examples of the groups R'„ *' 
„ are hydrogen, methyl, ethyl, propyl, isopropyl, butyl, 

sec-butyl, isobutyl, tert-butyl, hexyl, 2-ethyl butyl, oc- 
tyl. decyl. dodecyl, hexadecyl, octadecyl, cyclohexyl, 
m ethyl cyclohexyl, ethyl cyclohexyl, 2, 4, 6-trimethyl cyclo- 
hexyl, octyl cyclohexyl, phenyl, methyl-phenyl, ethyl- 
lS Phenyl, biphenyl, 2, 4, 6-trimethyl phenyl, octyl-phenyl, 
b enzyl, 4-methyl benzyl, biphenyl methyl, trif luoro-methyl, 
perfluoro-ethyl, pentaf luoro-phenyl, 

phenyl, dichloro-phenyl, chlorof luoro-phenyl. trichloro- 
methyl, 2-methoxy-ethyl, 2-trif luoro-methoxyethyl, 4- 
20 methoxy-phenyl and 4-ethoxy-phenyl, trimethyl silyl, trx- 
ethyl silyl- 

According to another aspect of the present inven- 
tion, R 6 represents an organic group bonded to the metal « 
by means of an atom seiected from N, P. O or S, for exam- 
25 pie, any amido group having the formula RiRaN- , phosphide 
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h„v e anv of the meanings specified above for 
r 8 groups can have any 01 

p , p/ R' 4 or R's- ^° n< 3 these, 
any of the groups R'i, R 2, 

B those , MPS wherein K, is a divalent group, 

(ii \ in substitution or 
clopentadienyl group in formula (ID, 

r . Yn be of particular interest. 
r 1# have proved to oe 01 

Complexes having formula (II, wherein said first an, 
10 se cond cyclopentadrenyl .roup are the 3*, are particu- 

. , n nrpqpn t invention, due to 
larly preferred, according to the present 

the simplicity or their preparation. *mong these, 
bls(t etrahydroindenyl, complexes, optionaiiy alxyl- 
sub stituted on the cyciopentadienyi ring, or honded to each 
1S other hy means o £ a divalent ".ridged" group, according to 
th e ahove description, have heen found to he even .ore ad- 
vantageous, for the purposes of the present invention. 

A ccordin, to a further particuiar aspect of the pres- 

^^■n rpnresent another oli" 
ent invention, said Re group can represen 

ir\ fo form a metallocene 
20 gomeric group having formula (I), to 

complex which comprises said first cyciopentadienyi group 
and two or three oligomeric groups having formula (I. , re- 
spectively , pending on whether the metal M has oxidation 



25 



state (HI) or (IV) . 

A1 so included in the scope of the present invention, 
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is the use, as exponent (i, of the ahove catalytic expo- 
sition, of any fixture or position comprising at least 
one of the ahove complexes having formula (II) and, in par- 
fixture of two or more of said complexes hav- 
ticular, any mixture or 

5 ing formula (II) • 

Metallocene polynuclear compounds consisting of two or 
mo re metallocene compounds, each o £ which has a structure 
corresponding to a compound included in the above formula 
, joined to each other by means of one or more covalent 
10 bonds between two or more groups bonded to each meter, are 
not eluded from the scope of this invention, even though 
th ey are not explicitly represented by formula ,11) , as 
they are obvious equivalents of the same. 

complexes having formula (II, comprising one or more 
1S neutral coordinating compounds, normally called ,ewls 
bases , intentionally not represented in formula ,II» solely 
for the saxe of descriptive simplification, are also not 

jt 4- hp oresent invention. Said 
excluded from the scope of the prese 

. h ses as is well known, can form stable adducts, 
Lewis bases, as is 
20 whi ch can he Isolated In pure form, or a coordination 
sphere in solution, with complexes showing a coordinate 

, a<5 those i n accordance with the present 
deficiency, such as those 

invention. 

T ne complexes according to the present invention can 
25 b e prepared according to the methods and processes typical 
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of organometallic chemistry. In particular, they can be 
prepare, by means of a process which includes the reaction 
of a suitable organometallic compound with a suitable met- 
allocene precursor, according to the procedure of a nucleo- 
pbilic substitution reaction, as described, for example, m 
the publication "Comprehensive Organometallic Chemistry", 
Pergamon Press ltd., vol. 3, pages 331-426, 560-5SS (1902,, 
wh ose contents should be considered as being fully incorpo- 

rated herein as reference. 

wording to said process, with particular reference 
to the metallocene complex having formula (ID, a metallo- 
cene precursor having the following formula (IV): 



R 



3 



R 



2 




(IV) 



(R")w 



, wherein: the different symbols M, R", **■ * 5 ' 

R 6 , and «w" can have any of the preferred or spe- 
cific general meanings mentioned for the corre- 
sponding symbols in formula (ID, and 
X represents a suitable outgoing anionic group in 

5 a nucleophilic substitution reaction on the metal 
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V 



ls put in contact and reacted, in the suitable propor- 
tions, with an organometallic compound having the following 
formula (V) : 

MTtKAxDyU^R'] ( V ) 

5 ^ tt >x x" . "V" and 

wherein: the different symbols A, D, U, R , > 

« z « can have any of the preferred or specific 
general meanings mentioned for the corresponding 
symbols in formula (I), and 
1Q H ' is a metal selected from metals of groups 1 or 

2 of the periodic table of elements, 
T is any suitable organic or inorganic anion, or 
another group having the formula (A x D y U Z )R', 
«t" has the value of 0 when M' is a metal of 
15 ^ group 1, and the value of 1 when M' is a metal of 

group 2 of the periodic table, 
until the desired compound having formula (II) is obtained. 

Said process is suitably carried out under relatively 
lid conditions, typical of organometallic reactions, pref- 
20 erably in the presence of a suitable inert solvent and at 

«n to +100°C, more preferably 
temperatures ranging from -60 to 

from -20 to *40°C. The reaction is normally very rapid and 
t. completed in times preferably ranging from 5 minutes to 
2 hours, in relation to the other reaction parameters. Sol- 
25 vents suitable for the purpose are generally substances 
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„ h icn do not react with the reacts used, and are liquid 
ac th e reaction temperature. Hydrocarbon soivents, such as 

.^t.,^. ethvl benzene are 
cyclohexane, hexane, heptane, toluene, ethy 

typical solvents of this type. 

Th e precursor having formula (IV, and the organometal- 
Uc compound having formula (V, are put in contact with 
each other with atomic ratios M' /M generally around the 
stoichiometric value of the reaction, i.e., for instance. 
in , 2/1 or 3/1, depending on whether a complex comprising 
10 1 2 or 3 unsaturated oligomeric groups having formula (I) , 
re spectively, is to be obtained. This value can also be a 

1 -3 if a product consisting of 

decimal number between 1 and 3, if a pro 

<= ,„ m niPx eS with a different number of oil 
a mixture of complexes wiw 

<- c ^ reouired at the end. For example, 
gomeric substituents, is required * 

. n lor- mixture of two complexes of 
15 if an equimolecular mixture 

bis ,indenyl. zirconium, with one or two oiigomeric sub- 
stituents, respectively, is desired, the precursor 
bl s,indenyl»zrcl 2 , for example, is reacted with the oU- 
gomeric salt, for instance Li .isoprene) 6 Bu% with a salt/ 
2„ complex molar ratio of about 1.5, to obtain a mixture of 
complexes which can be schematically represented by the em- 
pirical formula bis (indenyl) Zrl (isoprene) ,1 i.sCU.s- 

in the case of the ratios 2/1 and 3/1, the structure 
of the precursor is more suitably selected so that 2 or 3 
25 outgoing groups are respectively available on the metal M. 
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» slight excess, up to 15* in moles, of organometallic com- 
pound (V,, can favour the completion of the desired reac- 
tion. 

The contact conditions of said two reagents are not 
particularly critical and can be chosen by experts in the 
£1 eld on the basis of the technical notes used in organome- 
tallic chemistry for effecting substitution reactions on 
complexes. Preferably, a solution of the compound having 
formula (V, is slowly added, under vigorous stirring, to a 

n f t-he Precursor having formula 
0 solution or suspension of the precu 

(IV) . In general, it is always preferable to operate in 
su ch a way as to avoid the formation of local excesses cf 

one of the two reagents. 

In accordance with the above, said precursor having 
5 formula' ,1V, consists of a metallocene compound in which at 
reast one X group is a good outgoing group in the presence 
o£ an organometallic compound with strong anionic charac- 
teristics and a high nucleophilic nature, such as the com- 
pound having formula <V, , which belongs to the group of 
20 metalloalxyls. X is generally a group capable of forming an 
anion with a low nucleophilic property. It can typically be 
a halide, such as chloride or bromide, an allcylsilyl C3-C0 
g ,oup, an epoxide or thioaltoxide C 2 -C 2 o group, a carboxy- 
lat e or carbamate C 2 -C 20 group, a dialKylamide C 2 -C„ group 
25 and a alxylsilylamide C.-C 2 „ group. Typical examples are 
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chlo ride or bromide, trimethyl .11,1. tri.U*l .ilyl or 
crib uty! .1X»1. -thoxyl, ethoxyl, iso- o C sec-b»toxyl, 
ethyl sulfide, acetate, trif luoro-acetate, propionate, bu- 
tyrate , pivalate, stearate, ben.oate, diethyl amide, dibu- 
5 tyl amide, bis .trimethyl .ilyl, amide or ethyl trimethyl 

sll ylamide. Mon, the above products, the chloride group is 

preferred. 

T he other .roups and substituents of the precursor 
h aving formula ,1V,, are correspondingly selected by tech- 
10 ni cal experts in the field on the basis of the structure of 
the metallocene complex having formula (II) which is to be 
obtained. If a metallocene complex, with two or three un- 
saturated oligomeric .roups having formula (I,, the same as 
each other , is to be obtained, the precursor having formula 
15 (IV , can be conveniently selected fro, the complexes rn 

rf^finod for the meaning of group 
good outgoing groups, as defined for 

x m this case, R, and R- are preferably both chloride. 

Ac cording to another version of the present process, 
20 lt is also possible to prepare complexes having formula 
with 2 or 3, preferably 2, unsaturated oligomeric 
gr oups having a different structure. Tor this purpose, the 

is oarried out in two or even three different 
nrocess is carrieu 

steps, by reacting, in any step, a different organometalUc 
25 compound having formula (V) . 
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In some cases, when M is titanium it has been ob- 
served that the organometallic compound <V, can have a re- 
cueing effect .through p-eli^nation, on the precursor hav- 
lng formula (IV, , especially if used in excess with respect 
to the stoichiometric vaiue, allowing a «!»! -plex to 
be obtained, also starting fro, a precursor containing 

Hnfl at relatively high temperatures, nor 
Ti(IV) and operating at relative y 

mall y higher than 10 °C The .1.111) complex itself has 
be en obtained starting fro™ the corresponding precursor 
containing Ti.III). At temperatures lower than 10 °C, on 
th e contrary, and, .ore generally, with more stabilised tr- 
ranium metallocene precursors, such as, for example, those 
containing two indenyl or pentamethyl cyclopentadienyl 
groups, it is possible to obtain complexes of titanium .XV, 
having formula (II) with two oligemic groups. For an fi- 
ltration of the different behaviour of titanium as a 
action of the reaction temperature, reference should be 
made to the following examples 8 and 9. 

The metallocene precursor having formula ,1V, can nor- 

~ ^-f fhP suitable methods, 
mally be prepared by means of one of the 

k nown in the art, for the synthesis of metallocene com- 
pl exes of metals of group 4. These methods and their numer- 
ous variations are widely described in literature easily 
"available to technical experts in the field, for instance 
s in the above-mentioned -Comprehensive Organometallic Chem- 
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istry". Many Ti and Zr metallocene precursors, in which X 
and R" in formula (IV) represent chloride or methyl, are 
commercially available products. 

The organometallic compound having formula (V, con- 
5 sists of an unsaturated hydrocarbyl metal wherein said ani- 
onic group KWVWtfl corresponds to said oligomeric group 
having formula (I). The metal W can be an alfcaline metal, 
such as lithium, sodium, potassium, or earth-alxaline such 
as magnesium or calcium. Lithium and sodium are preferred. 
0 If M' belongs to group 2, it is preferably magnesium and 
the complex having formula (V, comprises a second counter- 
amon T which preferably consists of an inorganic anion, 
especially a hydride or a halide, for example chloride or 
bromide, or it can be a second oligomeric hydrocarbyl group 

15 [ (AxDyUz)R 1 ] • 

The organometallic compound having formula (V) is gen- 
erally used, in practice, in the form of a solution in a 
hydrocarbon solvent, as obtained from the synthesis proc- 
ess, without isolating it as a pure compound. It is pref- 
20 erably prepared by means of one of the known living anionic 
polymerization techniques. Some of the very numerous publi- 
cations on this matter are listed below, for illustrative 
purposes : 

H.I. Hsieh, R.P. Quirk, Anionic Polymerization, Dekker Ed. 
25 (1996) 
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„. Morton, Anionic Polymerization: Principles and Practice, 

Academic Press, 198 3 

i- Advances in Polymer Science, 3 106 

j. Mulvaney et alu, Aavai^c 



rtebert at alii, Die MafcromoleKulare Chemie, 144, 97 



(1971) 



H Morton et alii, a. Pol,-. Sci, Parte, 1. 311 U9«3> 
M. Morton et alii, a. Pol,-. Sci . : Part A, 1, 1735 (»«. 
FM . Brower et alii, a. Pol,.. Sci., Part A, 1, 1749 (1963, 

According to a preferred technic, the desired amount 
o£ polymerizable monomer is progressively added, under 
sti rring, to a solution of a suitable initiator. The reac- 

i r^iipd livinq anionic po 
tion proceeds with the typical so-called livi g 

15 lymerization mechanism, as the anionic chain-end of the 
polymeric chain regains active during the reaction time and 
al lows further amounts of monomer to be incorporated, even 
Afferent fro, the initial monomer, if this is added to the 

, ~ -f Hi f f erent monomeric 

reaction mixture. Oligomers made up of diffe 

2 0 blocs, or with a statistical distribution or consisting of 
blocs separated by sections of chains with a statistical 
attribution .tapered,, can thus be formed. At the end, 
contrary to what is normally in use in the preparation of 
oli gomers and polymers with this technigue, the living 
25 polymer chain, forming said organometallic compound having 
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£ ormula m. - not W o=«, but is reacted as - with 
the metallocene precursor having formula (IV) . 

said preparation is normally carried out according to 
the xnown technique, at temperatures between -BO and + 80 
5 -c preferably -30 and *20 -C. in hydrocarbon solvents, 
possibly containing small amounts of aptotic polar com- 
pounds, such as tetrahydrofuran, to obtain particular dis- 
tributions of the monomeric units in the chain. 

compounds having the formula M' TtR 1 are suitable am- 
„ onic polymerization initiators, wherein the meaning of «' , 
T , t . and R 1 is as specified above. Examples of groups of 
these compounds are lithium 1*1.. l«hium aryls, sodium 
alxyls, magnesium alxyl-halides (Grignard compounds, . In 
some cases, still included in the present invention, the R 
15 g roup can be a dianionic group bonded to two atoms of the 
metal * . The use of these dianionic groups as initiators 
allows divalent oligomeric groups to be obtained, which, as 
aiready mentioned, are bonded to the metal M in the complex 

. 1 ic structure including 
having formula (ID, forming a cyclic stru 

2 „ the same metal or, if reacted in the presence of a higher 
concentration of the metallocene precursor, can form binu- 
cl aar complexes. According to a Known technique, the ini- 
tiator can also be obtained by the reaction of a suitable 
unsaturated monomer, for example styrene or isoprene. with 
25 an alxaline metal, such as sodium or potassium. Also in 
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this case dianionic initiators are formed. 

Cranio compounds of lithium, such as, for example, »- 
propy l lithium, isopropyl lithium, n-butyl lithium, sec- 
butyl lithium, tert-butyl lithium, n-pent y l lithium, ben.yl 
s lithium, ^-diUthium-n-butane, 1, 5-dilithium pentane, 

. . i 0 hh,ne are preferably used as ini- 
1,2-dilithium biphenyl ethane, are p 

tiators . 

According to another technique, said organometallic 
compound having formula ,V, can also he prepared h y the 
10 metallation of an unsaturated oligomer conveniently pre- 
pared by means of an Y of the suitable polymerization or co- 
polarization technics of conjugated dienes, vinylaro- 
na tic compounds and possibly other co-polymerizable mone- 
ys mentioned above. Said technics can he of the radi- 
1S calic tyP e, of the catalytic type, for example hy means of 
t he well— Ziegler- N atta catalysts, including metallo- 
cene catalysts, or of the anionic type. The clivers 
(sometimes, also with a relatival. long chain, thus ob- 
tained are reacted with a suitahle metallizing agent, such 

, „ alkaline metal or an alkyl compound of 

20 as, for example, an alkaline me 

, or 2 of the periodic table, to obtain 

a metal of group 1 or 2 of tne p 

the desired organometallic compound of formula (V, . 

The comolexes having formula ,11, , in accordance with 
the present invention, are surprisingly stable over a long 
25 period of time, also at room temperatures or higher. This 
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solve s evident problems releting to preservation for ion, 

orawbecx in the preparation end use of the cetelytic compo- 
sitions besed on the metellocenes, perticularly al*yl com- 

plexes, known in the art. 

R fu rtner advantage consists in the possibility of 
regulating the chain length of the oligomeric groups having 
tormula U, to the desired vaiue, in said complexes hav.ng 
formule • « is therefore possible to obtain catalytrc 

compositions whose components are seiected so as to have an 
optimal solubility in certain soivents, such as hydrocar- 
hons, especialiy aiiphatic hydrocarbons, due to the pres- 
ence of an oligomeric group with a reiativeiy iong chain 
having lipophilic characteristics. 

„ ith reference to said component (11) in the cata- 
lyti c composition according to the present invention, this 
consists of any ionizing activator capable of forming a 
positive ionic charge (cationic, on the metallocene complex 
of formula ,XX, . Ionizing activators of this type are Known 
0 in the art and belong to various groups of compounds having 
V ery different formulae, which ma.es it impossible to de- 
£1 ne them through a single general formula. They substan- 
t , al ly include all activators currently Known as being ca- 
p^le of forming a catalytic composition for the polymeri- 
25 za tion of olefins, combined with any metellocene complex of 
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a metal of group 4 of the periodic table. 

Non-limiting examples of said activators are those be- 
longing to the following groups: I) oxygenated polynuclear 
org anometallic compounds of a metal selected from those of 

■ fahiP* II) ionic organome- 

5 groups 13 or 14 of the periodic table, ID 

* Hp-localized and non- 
tallic compounds whose anion has a de local 

coordinating negative charge; III, non-coordinating strong 
Lewis acids and IV, polyf luorinated cyclopentadienyl com- 
pounds. The compounds of group II). Ill) and particularly 

10 IV), are preferred. 

Organo-oxygenated oligomeric or polymeric derivatives 
of aluminum, gallium or tin, are compounds of type I,, ac- 
cording to the present invention. At least two atoms of a 
me tal selected from Al, Ga and Sn are present in said com- 
1S pounds, each bonded to at least one oxygen atom and to at 
l.„t one hydrocarbyl group, preferably an alKyl group hav- 
ing from 1 to 6 carbon atoms, preferably methyl. 

wording to this aspect of the invention, component 
is more preferably a polymeric aluminoxane. As is 
20 xnown, aluminoxanes are compounds containing Al-O-Al bonds, 
with a varying O/Al molar ratio, preferably between 1.8 and 
2 1, which can be obtained by reaction, under controlled 
conditions, of an aluminum alKyl, preferably an aluminum 
trialkyl, with water or other compounds containing pre- 
25 determined amounts of available water, such as. for exam- 
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ple , in the case of the reaction of trimethyl aluminum with 
aluminum sulfate hexahydrate, copper sulfate pentahydrate 

^hvdrate The aluminoxanes preferably 
or iron sulfate pentahydrate. 

u3S d for the formation of the polymerization cataiyst of 
the presen t invention are cyclic and/or linear oligo- or 

characterized by the presence of re 
polymeric compounds, characterize 

petitive units having the following formula (VI): 



* 7 (VI) 
— (Al— 0)— 



herein * is a C-C alxyl .roup, preferably .ethyl. 

Ea ch molecule of aluminoxane preferably contains fro, 
4 to 70 repetitive units which can also not be all the 
same, but contain different R, groups. 

The aluminoxanes, when used for the formation of a po- 
' lym erization catalytic composition according to the present 
mention, are put in contact with said metallocene complex 
(i) , preferably included in formula ,11, , in such propor- 
tions that the atomic ratio between ,1 and the metal M rs 
20 within the range from 10 to 10,000 and preferably from 100 
to 5,000. The seguence with which the metallocene complex 
in component «i> and the aluminoxane are put in contact 
uit h each other, is not particularly critical. 

According to the present invention, in addition to the 
25 above aluminoxanes, galloxanes <in which gallium is present 



- 37 - 



instead of aluminium, in the previous formulae, are also 
included in the definition of component ,ii> together with 
stannoxanes, whose use as polymerization co-catalysts of 
ole£ ins in the presence of metallocene complexes is xnown, 

9 for instance, fro, the patents oS 5,128,295 and US 
5,258,475. 

Ionic organometallic compounds of a metal M» selected 
£r om boron, alumina or gallium preferably boron, are com- 
pounds of type II, which can be used as activators, accord- 

10 ing to the present invention. They consist of a cation ca- 
pabl e of reacting with the complex of formula (ID extract- 
ing therefrom an unsaturated oligomeric group of formula 
(I) t0 form one or more stable and non-reactive compounds, 
pr eferably neutral, and a non-coordinating organic anron 

lS containing the metal M», whose negative charge is, at least 
partially delocalized on a multicentric structure. 

* h<i suitable as ionizing systems of the 
Components (u) sumacs 

ab0 ve type II, . are preferably selected from the voluminous 
org anometallic compounds of boron and aluminum, such as. 
20 for example, those represented by the following general 
formulae : 

iw «.r.w.n cph 3 cr-iB (Ro „r; kkW-wv, 

[Li]*-tB(Ro).r; [Lil*-[Ai(R»l.]-; 
wnerein the subscript »x» is an integer between 0 and 3, 
25 each Rc group independently represents an alxyl or aryl 
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ind ependently -presents a partially or, preferably, a o- 
tall y fluorineted aryl ra.ical having from 6 to 20 carbon 



atoms . 



Said compounds of type II. are normally used in such 
entities that the ratio between the atom «» in component 
a nd tne atom H in tne metallocene complex of formula 

^ n i to 15, preferably 
is included within the range of 0.1 

from 0.5 to 10, even more preferably from 1 to 6. 

' ar yl-deriv a tives of horon and aluminum, preferably floor,- 

i_ a ~ for example, 
na ted on the aromatic rings, such as, 

tr is ( pentafluoro P henyl.boron. Said compounds of type III), 

or^ invention, when used in stoichi- 
' according to the present xnvention, 

wifh a slight excess, react with the 
15 ometric amounts or with a slig 

me tallocene of formula extracting an allyl anron and 

forming, on the one hand, the desired metallocene catron 
and , on the other, a voluminous non-cooruinating anion with 
delocalization of the negative charge. 

Examples of ionizing compounds of type II. or III). 

Mi» in the catalytic compo- 
which can be used as component UD 

, ^ Dr esent invention, are widely de- 
sitions according to the present 

s or<be d in the art, combine, with the afferent metallocene 
complexes , such as, for example, in the following patent 
25 publications, whose contents are incorporate, herein as 
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10 



reference: 

. EU ropean patent applications, Pushed with the nr.: 
EP -A 277,003, EP-A 277,004, EP-A 522,50!, EP-A 
495,375, EP-A 520,732, EP-A 478,913, EP-A 468,651, EP- 
A 427, 697, EP-A 421,659, EP-A 418,044; 
. international patents published with the nr.: WO 

92/00333, WO 92/05208, WO 91/09882. 
. US patents 5,064,802, US 2,827,446, US 5,066,739. 

of tvoe IV) which can be used for 
Activator compounds or type ' 

th e purposes of the present invention comprise certain 
finorinated organic expounds, including at least one 

n~ uHi-h 5 or 6 carbon atoms, having 
di-unsaturated cycle with 5 or 

the following formula (VII) : 



15 



20 



{CRsRgki. .Ri2 




(vn) 



Ri4 N H 



25 



wherein: 

. each Rl (where »i» is an integer fro, 10 to 14, , *e 
and P., group is a substituent of the di-unsaturated 
CY cle independently selected from hydrogen, fluorrne 
and an aliphatic or aromatic hydrocarbyl group, 
finorinated or non-f luorinated, having from 1 to 20 
carbon atoms, optionally bonded to a different hydro- 
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carbyl * .roup advent thereto, to form a further 

condensed cycle with said di-unsaturated cycle, 

on the condition that at least three, preferably at 

, r oups, are independently selected, fro, the g roup 
consisting of: 

fluorine, or 

a fl uorinated alKyl .roup havin, the formula 
-CF(R'iR'2)/ or 

. fluorinated aryl .roup *r F , substituted on the 
aromatic rin„ with at least two .roups selected 

- rF(R',R'2) 9 rou P aS defined 
from fluorine, a -CF(R i» zJ 

above, or a different Ar F group, or 

a fluorinated vinyl group V„ substituted on at 

" ' least two Positions of tbe double bond witn 

, r .«i from fluorine, a -CF(R'iR'a) 
groups selected trom 

gro up or an A r r group, as defined above; 

. , rh PS or R', can have any of the above 
wherein each r i or ^ 

m eanin g s of the * .roups, and at least one of the, is 
fluorine or fluorinated 1*1 at least in position 1, 

- h *rvl Ar F as defined below, or a 
or a fluorinated aryl F 

nuorinated vinyl .roup V r as defined below; and 

' cally, is 1 — ~" - CR ' R '- 9t ° UP ^ PreSeBt 

said di-unsaturated cycle includes 6 carbon ato-as, 
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„ he reas it is 0 in the preferred case 

- CRS K 9 - ,rou P 1. substituted by a covalent ^ 

said di-unsaturated cycle includes 5 carbon atoms. 

• ^ A (luorenyl compounds included in the pre- 
The fluorinated fluorenyi v 

4-v,a following formula (Villi. 
5 vious formula (VII), hav.ng the follow 



(Ris)y — -fZT\l \C ( vm ) 




10 



15 



Ri4 H 

are particularly preferred as activators of type XV, : 
wherein: ~ 

formula (VII) ; 

(y) is an integer from 1 to 4; 
(z) is an integer from 1 to 4; 

the .roups Rl5 and Rl e are, if neoessary, independently 
su bstituents of each hydrogen atom of t h e respective 
aromatic ring in one or more of the four positions 
available, and are selected from fluorine or an ali- 
ph atic or aromatic bydrooarbyl group, fluorinated or 

*,™ 1 to 20 carbon atoms, op- 
ncn-fluorinated, having from 1 to 

bionally joined to a different *. or, ta nydrocarbyl 
gr oup, respectively, to form a further cycle, 
on the condition that at least 3, preferably at least 
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10 



15 



20 



25 



of said «u. *. and *• — • ™ ntly selSCted 

from the group consisting of: 
fluorine, or 

. fluorinated alKyl group having the formula 

-cm'*',). •«* *' 1 ° r 9rOUP 

ha ve any of the above meaning of the R. .roups 
and at least one of these is fluorine, or fluori- 
nated allcyl at least in position 1, or a fluon- 
nated alkyl Ar r as defined below, or a fluon- 
nated vinyl group V r as defined below, or 
. fluorinated aryl group Ar F , substituted on the 
aromatic ring, with at least two groups selected 

- _rr<R',R'2> group as defined 
from fluorine, a -CF(K ik 21 v 

above, or a different Ar r group, or 
a fluorinated vinyl group V„ substituted on at 
Xeast two positions of the double bond with 
groups selected from fluorine, a -CT (»'*'.) 
group or an Ar r group, as defined above, 
in a preferred embodiment, in the compounds of formula 

trl fluoromethyl, or even more preferably fluorine. 

T ne above compounds of formula (VII, and those more 
preferred of formula (VIII), together with the relative 
preparation methods and their use as ionizing activators 
in catalytic compositions for the polymerization of a- 
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olefins, are widely described in European patent appli- 
cation punned "it, the number 1,013,675, whose con- 
tents are fully incorporated herein as re£erence. 

wording to the invention, the above activators con- 
sisting of compounds of type IV, are advantageously added 
t o the catalytic composition in a molar ratio ranging from 

i 1 s with respect to the 

1 to 10, preferably from 1.1 to 5, wrtn 

m oles of metallocene complex of formula (II). 

„ has also been found that particularly advantageous 
, oatalytic compositions according to the present invention 
C a„ b e obtained using, as ionizing activator, a compound of 
th e above type IV, combined with a suitable guantity, pref- 

pound of type IV,, of an crganometallic compound suffr- 
S ciently basic to react with the acid hydrogen of the above 

, ivtt, or (VIII, in an acid/base reac- 
compound of formula (VII) or ivir 

tlon. These crganometallic compounds are, for example, met- 
allo-hydrocarbyls or h alogen-hydrocarbyls, preferably met- 
allo-alfcyls. of metals of groups 1, 2 or 13 of the periodic 
20 table, preferably lithium, magnesium or aluminu*. 

Eve n more preferably, the above combination also com- 
prises a polar aprotic organic compound, not containing me- 
taUic atoms, having a dielectric constant, in the pure 
state, egual to or greater than 2, and a wea.ly coordinat- 
25 ing capacity corresponding to a ON donicity not greater 
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tnan 15 xcal/moles, and preferably ranging from 1.0 to 10 
kcal/mol es, according to what Is specifically described In 
international patent application Nr. PCT,EP0 2 /0076e4. whose 
contents are fully incorporated herein as reference. 

Tne formation of the catalytic composition according 
to the present invention is generally carried out in an in- 
ert iiguid medium, preferably hydrocarbon, by contact of 
the two essential components <i» and (11, . The selection of 
exponents ,1, and ,11, which are preferably combined with 
10 each other, as also the particular procedure used, can vary 
according to the molecular structures and result desired, 
analogously to what is widely described in specific litera- 
te available to experts in the art. A particular advan- 
tage of the catalytic compositions of the present inven- 
15 tion, however, lies in the excellent activity obtained in 
C ases wherein the activator ,11, Is of the type II, , I", 
or XV, and the composition has a minimum or zero content of 
aluminum alxyls or other metallo-alxyls of groups 1 or 2 of 

the periodic table. 
20 N on-limiting examples of combinations of components ,1, 

•4-v, rt» r-atalvtic compositions of 
and (ii) in accordance with the cataiyt 

the pr esent invention are listed hereunder in Table 1 » 
which each line illustrates the combination of a metallo- 
cene compound with an activator. 
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TABLE 1 



i Metallocene complex (i) 



Cp 2 Zr[((D C 5H8)3Ac8H8)3Pr i l2 
Cp 2 Zr[((D C 5H8)3Ac8H8)3Pr , ]2 
Cp 2 ZrCI[(Ac8H8)3Bu t ] 



Cp 2 ZrCI[((D C 5H8)3Ac8H8)5Pr 1 ] 



Cp^rCIKAcaHa^oPr 1 ] 



Cp 2 ZrCI[((D C 5H8)3Ac8H8)ioPi J ] 
Cp 2 Zr[(Dc5H8) 2 oBu l ] 2 



[o-Xen-(Cp) 2 ]Zr[(Dc5H 8 )4Bu t ] 2 
[c-Xen-(Cp) 2 ]Zr[(Bc4H6) 5 Bu t ] 2 



Cp 2 ZrCI[(B C 4H6)3Pr'] 



Cp 2 Zr[((Dc5H8)3Ac8H8) 3 Pr i ]2 
[Ph 2 Si(Ti 5 -»n d )2lZr[(Dc5H8)3Pr i ] 2 



[Ph 2 Si(Ti 5 -«n d )2lZr[(Dc5H8)3Pr i ] 2 



P^S'K^-lndJ^ZrKAcsHsJsBu^ 



[ 0 -Xen-(Ti 5 -(THInd) 2 lTi[(Dc5H8)i5Bu , l 

( 71 5.ind)Ti[(Dc5H8)5Bu t ] 
[o-Xen-(Ti 5 -(THInd) 2 lZrCI[(D c5 H8)9Bu t l 



Ionising activator (ii) 



1 2 3 4 5 6 7,8-octafiuoro-9- 
(pentafluoro phenyl)fluorene 



B(C 6 F 5 )4CPh 3 
methyl alumoxane 



1 2,3,4,5,6,7,8-octafluoro-fluorene 



B(C 6 Fs)3 



1 2,3,4, 5,6,7,8-octafluoro-9- 
hydroxy-9-(pentafluoro 
phenyl)fluorene 



1 2 3 4,5,6,7,8-octafluoro-9- 
(p^ntafluoro^ 

9 9'-bis(9H-fluorene 
iV 9 7 33' 44' - 

1 2 3 4,5,6,7,8-octafluoro-9- 
l(|penteflu^^ 

lB(C 6 F 5 )4CPh3 



methyl alumoxane 



1 2 3 4,5,6,7,8-octafluoro-9- 
^>entaf^ 
tB(C 6 F 5 )4NHPh(Me) 2 



|B(C 6 F 5 )4NHPh(Me) 2 



AI(C 6 F 5 )3 



1 2 3 4 5,6,7,8-octafluoro-9- 
[(pentaflubro phenyl)fluorene 

|B(C 6 F 5 )4NHPh(Me) 2 
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Metallocene complex (i) 
Cp 2 Zr[(Dc5H8)3Pr i ]2 



Ionising activator (ii) 



1 2 3 4 5 6,7,8-octafluoro-9- 
(pe'nt'afiuoro phenyl)fluorene 



j-Bzn-t1-(-tl 5 - THIn(j ) 2Zr[(Dc5H8)5Butl2 



o-Bnz-[Ti 5 -C 5 Me4]2Zr[(D C 5H8)5Bu t ]2 



[1 1 2-en(Ti 5 -lnd) 2 ]Zr[(Dc5H8)3Pr']2 



methyl alumoxane 
B(C 6 F 5 )4NHPh(Me) 2 



AIMe3/(Et 3 Sn) 2 0 



,2-en(ii 5 -lncl)2]Zr[(Ac8H8)3Pr , ]2 
[1,2-en(Ti 5 -lnd)2]ZrCI[(D C 5H8)3Bu t ] 



[1,2-en(Ti 5 -lnd)2]ZrCI[(A C 8H8)3Bu t ] 



1 2 3 4,5,6,7, 8-octafluoro-9- 

hydroxy-9-(pentafluoro 

phenyQfluorene 



methyl alumoxane 



n 5_(THInd)2ZrCI[(D C 5H8) 5 Pr i ] 



1 2 3 4 5,6,7,8-octafluoro-9- 
(pentafluoro phenyl)fluorene 



T 1 5 -(lnd) 2 Zr[(D C 5H8)7Bu n ]2 



1 2 3 4 5,6,7,8-octafluoro-9- 
(pe'ntafiuoro phenyl)fluorene 



1 2 3,4,5,6,7,8-octafluoro-9- 
hydroxy-9-(pentafluoro 
phenyl)fluorene 



(Cp) 2 Til(Dc5H8)5Pr i l 



Me 2 Si(n 5 -CsMe4)(Nbu t )]Ti[(Dc5H8) 1 oPr i ] 2 



MezSi^-CsMe^CNbu^TiKDcsHaJioPr 1 ] 



12 3 4 5 6 7 8-octafluoro-9- 
(pentaflubro phenyl)fluorene 



B(C 6 F 5 )4NHPh(Me) 2 



(Cp)2Ti[(B C 4H6)7Pr i l 



[1,2-en(Ti 5 -lnd)2]Tit(Dc5H8)5Pr , l 



(t 1 5 -C 5 Me 5 )3Ti[(Bc4H6)7Pr i l 
[T1 5. (2i 4-CF3)2Bz)C 5 H4]2ZrCI[(Dc5H8)3Bu t l 

Cp 2 ZrL(Ac8H8)3Pr , ]2 



12 3 4 5 6 7,8-octafluoro-9- 
(pentaflubrophenyl)fluorene 

1 2 3 4 5 6 7 8-octafluoro-9- 
(pentaflubro phenyl)fluorene 



1 2 3 4 5,6,7, 8-octafluoro-9- 
(pentafiubro phenyl)fluorene 

B(C 6 F 5 )4NHPh(Me) 2 
B(C 6 F 5 )4NHPh(Me) 2 



0 . Bz n-h 5 -1-(3-Me)lnd]2Hfl(Dc5H8)5Bu t ]2 



B(C 6 F 5 )4NHPh(Me) 2 



B(C 6 F 5 )4NHPh(Me) 2 
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Metallocene complex (i) 




B(C 6 F5)4CPh 3 




( n 5 -lnd)Zr[(DcsH8)3Pr i ]3 



o-Bzn-h 5 -1-(4.7-Me2)lnd]2Ti[(Dc5H8)3Pr i ] 



[Pro i (Cp)(Ti 5 -Flu)]Zr[(Dc5H8)ioPr i ]2 



1 2 3,4,5,6,7.8-octafluoro-9- 
(pentaflubro phenyl)fluorene 




(n 5 -C5Me 5 )2Zr[(Ac8H8)ioPr i ]3 



[1 i 2-en(T 1 5 -THlnd) 2 ]Zrt((D C 5H8)3 A C 8H8) 3 Pr i ]2 
Cp 2 Zr[((Dc5H8)3Ac8H8)i oPr'k 



methyl alumoxane 



lT1 5.(4-F-Ph)C 5 H4]2Zr[(Bc4H6) 5 Bu t l2 
(T 1 5 -lnd)Ti[(B C 4H6)7Pr i ]3 



B(C 6 F 5 )4CPh 3 



1 2 3,4,5,6,7,8-octafluoro-9- 
(pentafluoro phenyl)fluorene 

methyl alumoxane 
B(C 6 F 5 )3 



[Me 2 Si(CH2--n 5 -C 5 H4)2]Zr[(D c5 H8)8Bu t l 2 



B(C 6 F 5 ) 4 NHPh(Me) 



1,2,3,4,5,6,7,8-octafluoro-fluorene 




[Me2Si(CH2)2-(ri 5 -Ph-C5H3)2lZrt(Bc4H8)5Bu 1 } 



1 2,3,4,5,6,7,8-octafluoro-9- 
hydroxy-9-(pentafluoro 
Dhenyi')fmorene 



Cp2ZrCI[(Bc4H6)3Pr'] 



9 9'-bis(9H-fluorene 
11',2,2?.3 l 3 , ,4,4',-5.5 , ,6.6',7,7.8,8 

hexadeca-fluorine 
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lonisina activator (ii) 


n-rn r-M^ £_Mo^\inrru7riYR/^L.^..«Ri i*u 

0-DZn-[T| - 1 -^OjD-IVI^yn 1UJ2^-I IV D C4H6;10DU J2 




C rv>7HY R^ ^ue^cPrho 
wp2^-' lV D C4H6/5* • J2 




0-DZn-[T| - I -^t, / -IVic?2/»» 1UJ2^ IvDCSrTO/S 0 *- 1 J2 




PrviTYlYR^u^eRi i^U 
Op2*-» L\ D C4H6;5D" J2 


1 2 3 4 5 6 7 8-octafIuoro-fluorene 


lMe2s>nr| - 1 Hnaj2jnuu l -'C5H8j3 mc8H8;3> • J2 




op2^-» |A /A C8H8;i0r | J2 


BfCfiF^NHPh(Me) 


[Me 2 Si(7 1 5 -THInd) 2 ]HfI((Dc5H8)3Ac8H8)3Ph] 2 


1 ,2,3,4,5,6, 7,8-octafluoro-9- 
(pentafluoro phenyl )fluorene 


Cp 2 Zr[(Dc5H8)3Bu n ] 2 


1,2,3,4,5,6,7,8-octafluoro-fluorene 


[1 ,2-en(n 5 -lnd) 2 Ti[(D C5 H8)5Bu t ] 


B(C 6 F 5 )3 


h 5 -1 ,3-(CF 3 ) 2 C 5 H 3 JTiKDcsHsJsBu'k 


methyl alumoxane 


(t 1 s -THInd) 2 Zr[(Dc5H8)5Pr i ] 2 


AI(C 6 F 5 ) 3 


h 5 -(4-CF 3 Bz)C 5 H 4 ] 2 Ti[(Dc5H8)3Bu n ] 2 


B(C 6 F 5 ) 3 


o-B2n-[7i 5 -1-(3-Me)lnd] 2 HfCI[(Dc5H8) 5 Bu t ] 


9,9'-bis(9H-fluorene 

1,1 , ,2,2\3 l 3\4,4\-5,5\6,6^7 I 7\8 ) 8• 

nexaoeca-Tiuonne 


Cp 2 Zr[(Ac8H8)3Bu n ] 2 


B(C 6 F 5 ) 4 CPh 3 


[Ti 5 -(3,5-(CF 3 ) 2 Bz)C 5 H4]2Ti[(Bc4H6)7Pr i ] 


1 ,2,3,4,5,6,7,8-octaf!uoro-9- 
hydroxy-9-(pentafluoro phe- 
nyl )fluorene 


(T 1 s -lnd) 2 Zr[(D C 5H8)6Bu i, ] 2 


1,2,3,4,5,6,7,8-octafluoro-fluorene 


Pro i (Cp)(Ti 5 -Flu)]Ti[(D C 5H8) 5 Bu t ] 2 


B(C 6 F 5 )4NHPh(Me) 


CpTi[(Dc5H8)3(A C 8H8) 3 P?\z 


AI(C 6 F 5 ) 3 



- 49 - 



Metallocene complex (i) 
[Pro i (Cp)(Ti 5 -Flu)]Zr[(Dc5H8)3(Ac8H 3 )3Pr i ] 2 

Cp2Zr[(Ac8H8)2oBu l ] 2 



Ionising activator (ii) 
methyl alumoxane 



o-Bzn-[Ti 5 -1-(4,7- 
diphenyl)lnd]2Zr[(B C 4H6)5Bu l ]2 



AIMe3/(Et3Sn) 2 0 
AIMe3/(Et3Sn) 2 0 



Cp 2 Zr[(D C 5H8)ioPr , ]2 



[1 ,2-en(n 5 -1 (2,4(CF 3 )2Bz)lnd)2lZr[(D C 5H8)5 
Bu l ] 2 



1,2,3 l 4 l 5,6.7,8KXjafluor°- 9 - 
hydroxy-9-(pentafluoro 

phenyl)fluorene 



1 2 3,4,5,6,7,8-octafluoro-9- 
(pentafluorophenyl)fluorene 




10 



caption: * - w*-^' - isopropyl; 

Jnomeric unit deriving from isoprene; - — < 

p =. monomeric unit deriving 
unit deriving from styrene; B„» 6 monom 

fro m butadiene; Bu" - normal butyl,- Bu« - tert-butyl; Me - 

Ph . phenyl; Ind - indenyl; THXnd - 4, 5, 6, 7-tetrahydro rn- 
denyl; F1 u - fluorenyl; 1.2-« - 1, 2-ethylidene, Ph.Si - 
biph enyl siiyiene; Me,Si - dimethyl aiiyiene; o-Xen - or- 

„ _ ortho-benzylidene. 

tho-xylylene, o-Bzn - ortnu 

According to another aspect or the present invention. 
in order to produce soiid components for the formation of 

lofln , the above complexes 
= i \/«?i-s of oletms, uu« 
polymerization catalysts 

can also be supported on inert solids, preferably consist- 
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ing of Si and/or Al oxides, sue, as, for example, silica, 

alum ina or silico— es. The Known supporting tech- 

niqueS can be used for supporting these catalysts, normally 

• contact in a suitable inert liquid medium, be- 
comprismg contact, in 

n» a rHvated by heating to tem- 
+-v^ rarrier, optionally activarea 
tween the carrier, 

peratures hi g her than 200-C. ana one or hoth o £ components 
(1) and of the catalyst of the present invention. Tor 

the purpose, of the present invention, it is not necessary 
for b oth components to he supported, as oniy the complex of 
formula ,11,. or the or.anic compound of B, Al. Ga or Sn as 

rier in the iatter case, the component which is not pres- 
ent on the surface is suhse q uently put in contact with the 
^ported component, at the moment in which the active 
, ca talyst for the polymerization is to he formed. 

, „„.„ lvtic systems based thereon, which 
Complexes and catalytic sys 

hav e heen supported on a solid component hy the function- 
all2 ation of the latter and formation of a covalent hond 

4- ,r,H a metallocene complex in 
between the solid component and a metali 

^ , TT x are also included m 
0 eluded in the previous formula (ID, 

the scope of the present invention. 

A particular method for forming the supported catalyst 
according to the present invention comprises pre- 
polymeri.ing a relatively small fraction of monomer or mix- 
25 ture of monomers in the presence of the catalyst, so as to 
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«ate it in a solid micro-particulate ^ - *- 
£ed to the actual reactor to complete the process rn the 
presence of additional a-ole f in. This allows a better con 
trol of the morphology and dimensions of the polymery par- 
5 ticulate obtained at the end. 

one or .ore additives or components can he optionally 
added to the catalyst accordin, to the present invention, 

Hi), to obtain a 
ln addition to the two components (D or Ul>, 

catalytic system suitable for satisfyin, specific re q ui- 
0 sites in practice. The catalytic systems thus obtained 
sh ould be considered as bain, included in the scope of the 
pre sent invention, additives or components which can be rn- 
cluded in the preparation and/or formulation of the cata- 
lyst o£ the present invention are inert solvents such as, 
15 f or example, aliphatic and/or aromatic hydrocarbons, alr- 
ph atic and aromatic ethers, weaUy coordinating additives 
(LeMi s bases, selected, for example, from non-polymerizable 
olefins, ethers, tertiary amines and alcohols, halo,enatin g 
agents such as silicon halides, halo 9 enated hydrocarbons, 
2 „ preferably chlorinated, etc., and a.ain all other possible 
components normally used in the art for the preparation of 
traditional catalysts for the ,co, polymerization of ethyl- 

ene and other a-olefins. 

, m and (ii) form the catalytic composition 
Components (i) ana 

- ««~nfion by contact with each 
25 according to the present invention 
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other , preferably at temperatures ranqin, tr- ~» *~ 

h0 „r, m ore preferably from 30 seconds to 10 minutes. 

The catalytic composition, accordin, to the present 
mention can be used wit, excellent resuits in substan- 
tial ali Known (colonization processes of a-olefrns, 
both ln continuous and batchwise, in one or more steps, 
such as, for example, iow pressure MPa) , mediu, 

pr essure (1.0-1. -> and hi 9 h pressure (10-1,0 HPa, proc- 
, esses, at temperatures ranqin, from 20 to 2^C, optionally 

. of an inert diluent. Hydrogen can be con- 
in the presence of an men 

veniently used as molecular weight regulator. 

*-«rf- of the present invention therefore 
A further object ot tne t»- 

.elates to a process for tne (co, polymerization of at least 
5 one a-olefin, comprisin, polymeria said a-olefin, under 
' suitable pressure and temperature conditions, in the pres- 
ence of at least one catalytic composition according to the 
present invention, as described above. 

Th ese processes can be carried out in solution or sus- 
20 pension in a liquid diluent normally consists of an aU- 
p h atic or cycloaliphatic saturated hydrocarbon, havinq from 
3 to e carbon atoms, but which can also consist of a mono- 
mer ... for example, in the Known co-polymerization process 
of ethylene and propylene in liquid propylene. The quantity 
25 of catalytic introduced into the polymerization mixture rs 
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p ref erahly selected so that the concentration of the metal 
„ ranges from 10" 5 to 10- moles/liter. 

A1 ternatively, the polymerization can he carried out 
in gas Phase, tor example, in a fluid hed reactor, normally 

■ * «™ n 5 to 5 MPa and at temperatures 
at pressures ranging from 0 . 5 to b 

ranging from 50 to 150°C. 

a - ol efins which can he polymerized or copolymerized in 
accordance with the process of the present invention are 
g enerally all olefinically unsaturated hydrocarhons having 
at least one double oond >CCH 2 in so-called -a, or primary 
position. These a-olefins comprise ethylene and its upper 
homologous products, preferably having from 3 to 15 carhon 
atoms, such as, for example, propylene, 1-hutene, hutadr- 
ene , 1-hexene, 1-octene, 1-decene, 1-undecene, 1.4- 
h exadie„e, isoprene, isohutene, vinyl idene-norhornene, sty- 
rene , p-metnylstyrene, 2-vinylnaphthalene . Particular non- 
primary olefins, having the douhle hond included in a ten- 
sioned ring, such as, for example, dicyclopentadiene or 
norb ornene, can he egually ,co, polymerized, under suitahle 

£ r. hp catalytic composition of 
3 conditions, in the presence of the cataiy 

the present invention. 

A ccording to a particular aspect of the present inven- 
tion , the catalytic composition for the <co, polymerization 
of a -olefins is prepared separately (preformed, hy contact 
;5 of components «i, and UD. and suhseguently introduced 
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int0 the polarization environment. Said composition can 
b e charged first into the polarisation reactor, t ollo„e d 
by tne rea 9 ent fixture containing tne olefin or fixture of 
olefins to be polarized, or the catalytic exposition can 
s he chared into the reactor already contains the reagent 
B i X ture, or, finally, the reagent fixture and the catalytrc 
composition can he contemporaneously fed to the reactor, 
both in continuous and batchwise. 

.ccording to another aspect of the present invention, 
10 the catalytic exposition is formed in situ, for example by 

r- e Ml and (ii) separately into the po 
introducing components (i) and 

■ *i-ion reactor containing the pre-selected olefxn 
lymerization reacuui. 

monomers . 

Xhe catalytic compositions according to the present 
1S invention can be used with excellent results in the polym- 
erization of ethylene to give linear polyethylene and in 
U» copolymerization of ethylene with propylene or higher 
^olefins, preferably having from 4 to 10 carbon atoms to 
giV e copolymers having different characteristics depending 
2 „ on the specific polymerization conditions and on the guan- 
tit, and structure of the a-olefin. For example, Irnear 
polyethylenes can be obtained, with a density ranging from 
Q e80 to o. 940 . and with molecular weights ranging from 
10 ,000 to 2.000,000. The a-olefins preferably used as co- 
25 monomers of ethylene in the production of low or med.um 
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densit y linear polyetbylene .xnown with the abbreviations 
ULD PE, VLDPE and LLDPE, dependin. on the density, , are, 1- 
butene, 1-hexene and 1-octene. 

Ihe cataiytic composition of the present invention can 
s aiso he conveniently used in copolymerization processes of 
efbylene and propylene to 9 ive saturated elastomeric co- 
polymers vulcanise hy means of peroxides and extremely 
resistant to a 9 in g and degradation, or in the terpolymeri- 
2at lon of ethylene, propylene and a non-con jUg ated diene, 

rubbers of tne EPDM type. In these latter processes, it has 
been found that the catalytic compositions of the present 
mention allow polymers to he obtained, with a particu- 
lar^ h i g h diene content and average molecular weight under 
15 the polymerization conditions. 

Eor the preparation of EPDM, dienes which can be used 
(or preparing these terpolymers are preferably selected 



from: 



dien es with a linear chain such as !, 4-hexadiene and 
20 i, 6-octadiene; 

v, a « s-methvl-l, 4-hexadiene; 3,7- 
branched dienes such as 5 metnyx 

7-Himethvl-l/ 7-octadiene; 
dimethyl-l,6-octadiene; 3,7 dimetnyi 

■i-h a single ring such as 1, 4-cyclohexadiene; 
dienes with a smgie j-j-h^ 

1 5-cyclo-octadiene; 1, 5-cyclododecadiene; 
25 . dienes with condensed brid.ed rin,s such as dicyclo- 
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pentadiene; bicycle (2 . 2 . Uhepta-2, 5-diene; alfcenyl, 
a lx y lidene, cyclo-alxenyl and cyclo-alxylidene norbor- 
nen es such as 5-methylene-2-norbornene, 5 -ethylidene- 
2 -„orbornene (E»> . S-propenyl-2-norbornene. 
«„, the non-conjugated dienes typicaHy used for 
preparing these copolymers, -U— containing at least one 
d ouble bond in a tensions* ring are preferred, even .ore 
preferably 5-ethylidene-2-norbornene (ENB) , and also 1,4- 
hexadiene and 1, 6-octadlene . 

IB the case of EPDM terpolymers, the quantity of drene 
.onomer convenient does not exceed IS, by weight, and 
pre ferably ran.es fro, 2 to 10, by weight. The propylene 
content, on the other hand, conveniently ran g es fro, 20 to 

' 50% by weight. 

Th e catalysts of the present invention can also 

■ h n m o and co-polymerization processes of a-olefrns 
used xn homo- and co p ym excellent 
according to the known technrgues, obtarnxng 
yi elds atactic, isotactic or syndlotactlc powers, depend- 
ing on the structure and geometry of the metallocene com- 
2 „ plex of formula (XI, . -olefins suitable for the purpose 
Ire those having fro, 3 to 20 carbon atoms, optionally also 
comprising halogens or aromatic nucleuses such as, for ex- 

1 h B ypne 4-methyl-l-pentene, 
i „ „ 1 -v-ml-pne . 1-nexene, ■» 
ample,- propylene, 1 butene, 

1-decene and styrene. 

The present invention is further described by the fol- 
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lowing examples »M* however, are provided for illustra- 
te purposes alone and in no way limit the overall scope 
of the invention itself. 
EXAMPLES 

^^vtical technics and characterization methods 
Usted and briefly illustrated below are used in the for- 

lowing examples. 

The characterization by — of « spectroscopy 

i. carried out on a BruKer® MSL-300 nuclear ma g netic reso- 

nance spectrophotometer. 

Th e characterization o£ the products and or.anic in- 
termediates by means o £ g as-chromato g raphy/mass spectro.ra- 
phy (G c-»ass> was effected usin g a Pinni.an® TSO ,00 in- 
strument. 

Mpnt of the molecular weights of the olefin 
i The measurement or tne 

= effected by means of Gel- 
polymers and diene oli g omers was effected 

Permeation Chromato g raphy «6PC. . The analyses of the sarn- 
ies were carried out in 1,2,4-trichloro-benzene (stabr- 
lize d with Santonox®, at 135 -C with a 150-CV 
„ chromato g ra P h, usin g a Waters differential 

sector. The chromato.raphic separation was obtained usrn g 

i ht (Waters) columns, three of which 
a set of u-Styragel HT (Waters; 

a P ore-size of 10=, 10<, 1* A, respectively, and two 
with a pore-Size cf 10< A, with an eluant flow-rate of 
25 ml/min. The data were ac g uired and processed by means of 
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Maxima 8 2C software version 3.30 (Millipore®, ; 
latlm of the number averse molecular weight (M„, and 
„ei g ht average molecular wei g ht <M«, was effected by means 
of universal calibration, usin, calibration standards of 
5 polystyrene wit, molecular wei g hts within the ran 9 e of 

6,500, 000 - 2,000. 

Tn e characterization of the olisomeric products having 
t ormula ,1, in the solutions prepared for the living ani- 
onic oligomerization, was effected by taking an aliquot 
10 which is guenched with HeOH and HCi at 3V* and extracted 
wlt h CH.C1, The organic extract is washed with water un- 
tU a neutral pH is reached, anhydrified on N„SO.. fil- 
cered and the solvent evaporated, an oil is cbtained which 
is analyzed by neans of the above-mentioned G PC and l H-NMR 
15 technics. The WMH characterization is based on known 
technics, for example according to what is described in 

t a Frankland et alii, Spectrochimica 
the publications: J. A. FranKiana 

Act a; vol 47A Nr 11, pages 1511-24 ,1991); H. Sato et alii, 
a Polym. Sci.= Poller Chemistry, vol 17, pages 3551-58 

, •• mr=! vol 11 (4), 639 (1978); H. 
20 (1979); T. Suzuki et aln, JACS, vol 

Tanaka et alii, Poller, vol 17, 113 (1976, . 

The EPP characterization was carried out wrth a 
Br ucker ESP300E spectrometer. The solutions of the samples 
in toluene were analyzed as such, by simple transfer into 
25 the sample-holder tube, at room temperature. 
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< -4««< 3 listed in the examples, the 
During the preparations listed 

following reagents were used: 

B ethyUithium CLiMe, 1-6 M in diethyl ether (ALDRICH) ; 
n-butyllithium (LiBu) 2.5 M in hexane (ALDRICH) 
t -butyllithium (LiBu c ) 1.5 M in pentane (ALDRICH) ; 
triisobutylaluminum (TIBAL) (CROMPTON) ; 

(penta^thyl-V-cyclcpentadienyl, titanium.IV, trichlo- 

ride [Cp*TiCl s ] (CROMPTON); 

1;2 -ethylene-bis(indenyl> zirconium dichlcride tet- 

0 (ind) 2 zrcl2l (CROMPTON); 

bis cyclopentadienyl titanium dichloride [CP.T1CW 

(CROMPTON) ; 

an# (MA0 ) (10% (weight Al) /volume in 
methylalummoxane (MAO) 

toluene) (CROMPTON); 

+-4™ arade) (ALDRICH), distilled 
15 isoprene (polymerization grade) ^ 

on NaH under argon; 

styrene (polymerization g rade, (ALDRICH, , distilled at 
low pressure on CaH 2 . 

The reacts and/or solvents used which do not appear 
20 in the above list, are those commonly adopted in laboratory 
practice and on an industrial scale, and can therefore be 
easU y found on the specialized marxet. In performs the 
operations described in the examples, the procedures and 
precautions of standard practice were observed, partrcu- 
25 larl y for reactions effected with or.anometallic compounds 
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in an inert atmosphere and with anhydrous solvents. 

Preparative Ex ample 1 

In a series of tests for establishing the reproduci- 
bility of the preparation of Olivers b y means of living 
5 polymerization, an excellent concordance between the theo- 
r etical value of the polymerisation grade .moles of mono- 
m er/moles of initiator charged, and the experimental value 
measured by means of the above-mentioned characterisation 
t echn i<3 ues, was observed. In a typical preparation of an 
xo oligomer having an average polymerization degree of 6.3, IV 
ml of a 1.5 M solution o, t-butyl lithium (4.76 ™oles, xn 
pentane are charged, under stirring, into a test-tube con- 
taining 10 ml of anhydrous hexane. 1.95 g .26.56 mmoles.of 
is oprene freshly distilled on NaH (I soprene/Li=6, are added 
1S dropwise to the solution, cooled with a water/ice bath. 
Mh en the addition of isoprene is terminated, the mixture rs 
hea ted to room temperature, under stirring. The oligomerr- 
.ation reaction is rapidly completed during the heating. An 
aliq uot of the solution is removed and analyzed as specr- 
20 £ied above. Both 1-4 and 1-2 monomeric units were found, 
oerivin, from polymerization with addition, according to 
the typical distribution of anionic polymerization. An ex- 
oellent concordance .average deviation lower than 10., be- 
tween the theoretical value of the polymerization grade 
25 .moles of monomer/moles of t-butyllithium, and the measured 
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value, were found. 
PREPARATIVE E XAMPLE 2 

Operating in accordance with the above preparative ex- 
ample, 3.17 .1 of a 1.5 M solution of t-b„tyllithium ,4.76 
5 aWes, in pentane, are charged, under stirring, into a 
test-tube containing 10 mi of anhydrous hexane. 1.95 g 
(28 .56 mmoles. of isoprene <iso P rene/Li ratio = 6, are 
slowly added to the solution, cooled with a water/ice bath. 
Once the addition of isoprene is terminated, the mixture is 
10 heated to room temperature, under stirring. A soiution of 
lithium polyisoprenyl is obtained, with an average polym- 
erization degree of 6. A suspension of 0.9 g .2.14 mmoles, 
of Standard, in 50 ml of toluene is slowiy added to the 
solution. The mixture is left under stirring for 5 hours. 
15 Th e solution is filtered on a 04 porous septum. The solvent 
is then removed by evaporation under vacuum, obtaining 2.3 
, of a waxy, orange-coloured solid, which, upon characteri- 
zation, proved to essentialiy consist of an 
Et(I nd, 2 Zr,polyisoprenyl>, complex with an average polym- 
2 „ erization degree of isoprene egual to 6 (yield 84*,, called 

"Zr(I6)2 complex". 

Elemental analysis for 0 2 H. ,C,H«, 2 Zr I ,C 5 H e ) 6 0.H 9 , , <mo- 

lecular weight 1279.2) 

Theoretical: Zr = 7.13% 
25 Found: Zr = 7.10% 
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Preparative E xample 3 

Th e procedure of the previous preparative example 2 rs 
reproduced, operating with the same reagents and in the 

• „ i ft a (4.28 mmoles) of 
same proportions, but using 1.8 9 < 

, Et(I nd, J ZrCl ! suspended in about ,0 ml of toluene, instead 
o£ 0.9 g previously used, thus obtaining, at the end. a 
complex essentially containing only one unsaturated oli- 
gomer^ group. The solution is left under stirring for 5 
hou rs and is then filtered on a .4 porous septum. The sol- 

10 vent is then removed by evaporation under vacuum, obtaining 

^ 1 -., rpd solid, which, upon 
about 3 g of a waxy, orange-coloured 

characterization, proved to essentially consist of an 

i 4-^ a fvield 84%), called 
erization degree of isoprene equal to 6 (yield 

15 "Zrl6 complex"- 

omental analysis for c*<C*> (mo- 

lecular weight 848.8) 

Theoretical: Zr = 10.75%, CI = 4.18% 
Found: Zr = 10.3%, CI - 4.22% 
20 P reparativ e Example 4 

Operating with the same procedure in accordance with 
. the above Preparative Example 1, 1.76 ml ,3 m»oles, of a 

non . ane 0 f t-butyllithium are charged, 
1 7 M solution in pentane ox x 

into a test-tube containing 2.1 ml of anhy- 
under stirring, into a test 

anH o 6 m i (6 mmoles) of isoprene (iso 
25 drous cyclohexane and 0.6 mi v° 
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„ /Li - 2) The solution is left under stirring for 
prene/Li - • ■ LAic: 

£ n sfi7 a (1.35 romoles) 
about 2.5 hours and a suspension of 0.567 g 

o£ KUlndHZrCl, in about 25 1 of toluene is slowly added 
to the solution. The fixture, which Mediately becomes or- 
ange-coloured, is left under stirring for 5 hours. It rs 
£il tered on a porous septum (G4, in an inert atmosphere; 
the filtrate is evaporated under vacuum, obtaining about 
0 S3 g of a waxy, orange-coloured solid, which, upon char- 
acterization, Proved to essentially consist of an 
Et( Xnd„ Z r<polyisoprenyl„ complex with an average polym- 
eriz ation degree of isoprene egual to 2 .yield .«> . called 

"Zr(I2) 2 complex". 

Elemental analysis for C 2 H 4 ,C S H 6 , ,Zr t (C 5 H S , 2 C.H 9 , , <mo- 

lecular weight = 734) 

Theoretical: Zr = 12.4% 
Found: Zr = 12.4% 
Preparative E xample 5 

Operating with the same procedure in accordance with 

i 1 ,hnve 5 1 ml (8 mmoles) of a 1.57 M 
Preparative Example 1 above, a.i m 

■ npntane of t-butyllithium are charged, under 
3 solution in pentane or u « * 

stirring, into a test-tube containing ».« 1 of anhydrous 
cyc lohexane and 4 ,1 .40 ancles, of isoprene (isoprene/Lr - 
5) The solution is left under stirring for about 3 hours. 

,„„ of 1 61 g (4 mmoles) of Et (Ind) 2 ZrCl 2 (Li-R/Zr 
A suspension or 1.0/ y ^ 

, n ; s slowly added to the solu- 

,5 = 2 ) in toluene (about 50 ml) is slowly 
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tion . The m ixture, which lately beco.es orange- 
coloured, is !.« under stirring for 5 hours. Xt is fU- 
te red on a porous septu, ,04. in an inert atmosphere; the 
filtrate is evaporated under vacuum obtaining about 3.9 g 
5 of a wax,, orange-coloured solid, which, upon characteriza- 
tion, proved to essentially consist of an 

B - ial to 5 (yield 85%), called 
erization degree of isoprene equal to iy 

"Zr(l5)2 complex". 

Rental analysis for C* (C*> ^ I (C*> W ^ 

lecular weight = 1143) 

Theoretical: Zr = 7.98% 

Found: Zr = 8.0% 
P reparati ve Example 6 

Operating with the sa,e procedure in accordance with 
th e Preparative Example 1 above, 2.5 5 ,1 <4 -ol«> of a 

.? +- v,nf vllithium are charged, 
I 57 M solution in pentane of t-butyllitn 

und er stirring, into a test-tube containing 13.6 ,1 of an- 
hydr ous cyclohexane and 4 ,1 (40 «!..> of isoprene (iso- 

/TA - 10) The solution is left under stirring for 
20 prene/Li - • iAiC 

^•f n fi4 a (2 mmoles) or 
3 hours. A suspension of 0.84 g 

Et(I nd, 2Z rCl, ai-K/zr - 2, in toluene .about 30 ,1. is 
s , ow lv added to the solution. The .ixture, which ir- 
ately becces orange-coloured, is left under stirring for 5 
25 h ours. Xt is filtered on a porous septus ,04, in an inert 
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atmosphere; the «U«t. * — — " * 
taining ahout ,.13 , of a waxy, orange-coloured solid, 
whlch , upon characterization, proved to -UaU, consist 
o£ a „ E t ( Ind, 2Z r ( polyisoprenyl, 2 complex wit, an average 

t-r> 10 (yield 86%) / 
5 polymerization degree of isoprene equal to 

called w Zr(I10) 2 complex". 

elemental analysis for ^ 
lecular weight = 1824) 

Theoretical: Zr = 5.00% 
10 Found: Zr = 4.93% 

prepa rative Exampl e_J. 

^T^oTTs, of a 1.57 M solution in pentane of 

t- b utyllithium are charged, under stirring, into a test- 
ae oontaining 13.6 .1 of anhydrous cyclohexane and 4.5S 
15 mi ,40 mmoles, of styrene freshly distilled on CaH 2 ( sty- 
r ene/ L i - 5, . The solution is left under stirring for ahout 
3 hours. A suspension of 1.67 g (4 mmoles) of 

the solution. The mixture, which immediately becomes or- 
2 „ ange-ooloured, is left under stirring for 5 hours, it is 
Altered on a porous septum ««, in an inert atmosphere; 
t he filtrate is evaporated under vaouum, ohtainin, ahout 

^^i^h which, upon charac 
4 3 g of a waxy, reddish-orange solid, which, 

terization, proved to essentially consist of an 

25 Et(I nd, 22 r,polystyryl» complex with an average polymerize- 
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i ^ (vield 80%), called 

tion degree of styrene equal to 5 (yield 

"Zr (S5) 2 complex" . 

Omental analysis for c*«C*),«rl(C*)**l. <mo- 

lecular weight = 1503) 

Theoretical: Zr = 6.07% 

Found: Zr = 5.92% 
Preparative Example 8 

Operating with the same procedure in accordance with 

the Preparative Example 1 above, 5.1 ml (8 mmoles) of a 

L57 H solution in pentane of t-butyllithium are charged, 

• • info a test-tube containing 13.6 ml of an- 
under stirring, into a test 

3nrt 4 mi (40 mmoles) of isoprene 
hydrous cyclohexane and 4 mi \ 

treshl y distilled on NaH (isoprene/.i - 5, . The solution is 
le ft under stirring for about 3 hours. A suspension of 2.18 
g , 4 mmoles, of o-benzylidene bis- (V-l-i^yl, zirconium 
dl chloride [formula C.H.CH, (Ind, ^rCl,, obtained in accor- 
dance with the synthesis procedure described in example 1 
o£ xtalian patent nr. 1298616 (granted to the Applicant,! 
ln about 50 ml of toluene is slowly added to the solution. 
, Tn e mixture is left under stirring for 5 hours and is then 
Altered on a porous septum «*> in an inert atmosphere; 
c „e filtrate is evaporated under vacuum, obtaining about 
4 2 , g of a waxy, orange-coloured solid is obtained, which, 
npon characterisation, proved to essentially consist of an 
5 o-benzylidene bis- <n 5 -l-indenyl, Zr (polyisoprenyl, , complex 
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wltb an average polymerization desree of isoprene e q ual t. 
5 (yield 84%), caUed »ZrBz(I5)a complex". 

omental analysis for c*C*(C*>, <~ 
lecular weight = 1205) 
5 Theoretical: Zr = 7.57% 

Found: Zr = 7.38% 
preparative Example 9 

^T^oles. of a 1.7 M solution in pentane of 

t - bu tyllitnium are cbar.ed, undo, stirrin,, into a test 
10 tube containing 2 .1 of annydtous cyclobexane. 0.3B , . 
„oles, of isoprene are added dropwise to tne 
under stirrin,. A solution, obtained by dissolvin, 0.6 9 
(2 .emmoles, of bis.cyclopentadienyl.titaniumUXX, cnlor.de 

r h 1 ■ orepared from Cp 2 TiCl 2 accord- 
■ [formula Cp 2 TiCl (Cp = C 5 Hs) , prepa 
15 lng to t be procedure described in tne publrcatron 

- In or 9 ani= Syndesis", vol. 21. P~ M, i» « - - «~ 
ene . is slowly added to tne solution. T h e mixture is left 
und er stirrin, for 2 hours and tne colour c„an 9 es from red 
to purple. Tne solution is filtered on a porous septum 
20 and tne solvent is removed by evaporation under vacuum; 1 , 
o£ a purple-coloured solid is obtained, «bicn, upon cbarac 
terization, proved to essentially consist of a bis- (n - 
I ^entadienyl.i.Pol.isoprenyl, complex witb en ever- 
polymerization decree of isoprene e q ual to 2, called 
25 complex". 
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cental analysis for Cp 2 Ti I <C 5 H 8 > ,C.H s] (molecular 

weight = 371) 

Theoretical: Ti = 12.9% 
Found: Ti = 12.8% 

5 Preparativ e Example 10 

i of a 1 5 M solution in pentane of t 
3.2 ml of a i • => 

butsl U*» <4.3 -ol«) charged, under stirring, into 

. test-tube containing 3.4 ml of anhydrous cyclohexane. 
0 655 g ,9.6 mmoles, of isoprene are added dropwise to the 
10 solution, under stirring. A solution of 0.55 g .2.2 
..oles, of Cp 2 TiCl 2 in 25 ml of toluene, is slowly added to 
the solution. The mixture is left under stirring overnight, 
.t room temperature. The colour changes from red to purple. 
The solution is filtered on a G4 porous sept™ and the sol- 
15 ve „t is removed by evaporation under vacuum, obtaining 0.8 
, of a purple-coloured solid, which, upon characterization, 
proved to essentially consist of a bis- ,V- 
cyclopentadienyl.Ti.polyisoprenyl. complex with an average 
polymerization degree of isoprene egual to 2, essentially 
2 „ analogous to the Ti!2 complex obtained in accordance with 
the previous preparative example 9. From EPK measurements, 
it was found that all the titanium is in oxidation state 
,!„,. we believe that during the preparation reaction, the 
titanium is reduced from oxidation state (IV, to state 
25 ,!„, through p-elimination, analogously to what is gener- 
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with respect to titanium cyclopentadienyl dial- 
ally known with respecu 

kyl complexes. 

Rental analysis for Cp 2 Ti , <C S H„ 2 C.H sl .molecular 

weight = 371) 
5 Theoretical: Ti = 12.89% 

Found: Ti = 12-79% 

preparative Example 11 

TT^T^^s, of a 1.5 M solution in pentana of 

t-fcxtylllthl- are charged, under stirring, into a test- 
10 tube containing 3.4 ,1 of anhydrous cyclohexane. 0.655 g 
„.« mmoles, of isoprene are added dropwise to the solu- 
tlon , under stirring. * solution of 0.55 g ,2.2 -oles, 
o£ cp.TiCl, in 25 ,1 of toluene, is slowly added to the so- 
lut ion, cooled to shout 0 -C wit, a water/ice hath and 
1S shielded fro, the light with an aluminum foil. The fixture 
i. left under stirring overnight. The colour changes from 
red to dar, hrown. The solution is filtered on a C4 porous 
sep tum and the solvent is removed hy evaporation under vac- 
um; 0. 9 g of a hrown-coloured solid are ohtained, which, 

~f vpr and X H NMR, proved to 
20 upon characterization by means of EPR and 

4- nf a bi s-(n 5 -cyclopentadienyl)Ti(IV) 
essentially consist of a bis m 

(p olyiso P renyl, 2 complex with ahout 5. of the oorrespondmg 
complex of TiUII), in which the polyisoprenyl group has an 
average polymerization degree of isoprene egual to 2. 

By effecting the reaction at low temperature and wrth 
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pfcoto-protection, the .-elimination reaction was inhibited, 
thus prevalently obtaining the desired Ti,IV, complex. 
Elemental analysis: Ti = 8.7% 
EPR analysis: Ti (III) = 5% 
3 prr^^Hvs Example 12 

3.35 ml (5.1 miuoles, of a 1.7 M solution in pentane of 
t - bvl tyllithium are charged, under stirring, into a test- 
ae containing 4 ,1 of anhydrous cyclohexane. 0.7S g 
(11 .4 ^oles, of isoprene are added dropwise to the solu- 
0 ti on, under stirring. * solution of 0.55 g ,1.9 -les, 
of .pentamethyl-n'-cyclopentadienyl, titanium (IV, trichlo- 
rid e (formula Cp-TiCl,, <C P * - C 5 <CH3, 5 >, in 15 ml of tolu- 
ene, is slowly added to the solution. The mixture is left 

, rtht The solution is filtered on a G4 
under stirring overnight. The soiu 

j . hp solvent is removed by evaporation un 
15 porous septum and the solvent 

de r vacuum, 1.3 g of a hrown-coloured solid are obtained, 

which, upon characterization, proved to essentially consist 

o£ a tris-<CpMTUpolyisoprenyl>3 complex with an averaga 

■ «™ degree of isoprene equal to 2, called 
polymerization degree 

20 "Ti (12) 3 complex". 

Elemental analysis for Cp-Ti UC 5 H e > 2 C,H S 1 3 (molecular 

weight = 7 63) 

Theoretical: Ti = 6.27% 

Found: Ti = 6% 
25 Example^: polymerization of ethylene 



- 71 - 



Ml the preparative operations for carrying out the 
polymerisation testa, in this example an d in the following 
on es, are effected in vessels under vacuum interrupted by 
th ree flushings with nitrogen for at least two hours, and 
s in a nitrogen atmosphere,- the reaction solvent ( toluene or 
he ptane, was distilled on sodium metal and preserved on mo- 
dular sieves; all other solvents were used as such. 

500 ml of anhydrous toluene and 0.75 mmoles of TIBAL, 
as impurity scavenger, are charged, under a nitrogen flow, 
10 into a steel autoclave having a volume of 1 1, "ashed with 
. solution of aluminum triisobutyl in toluene and dried at 
. high temperature, under vacuum. The whole mixture is 

. „ „ r -_ rt at this point, 10 ml of a 
thermostat-regulated at 50 C and at tn 

toluene solution containing 2.3-10- ™oles of -.r,I2„ com- 
15 plex », prepared according to the previous preparative exam- 
ple 4, and 2.5-10- -oles (2.3 mg, of B,C 6 F 5 ,.CPh 3 are 
charged, under a nitrogen flow, into the autoclave. After 
introducing the catalytic system, the autoclave is pressur- 
ed at 80 KPa with ethylene, maintaining the pressure con- 
20 stent for 30 minutes. At the end, the autoclave is de- 
pressurized and the polymerization is blocxed with metha- 
nol. The polymer is recovered by precipitation in two U- 
ters of methanol acidified with hydrochloric acid, frltra- 

25 g of polyethylene are obtained, with a number average mo- 



- 72 - 



le cular weight ,Mn, of 95,000 and a weight average molecu- 
lar weight ( MW, of 200,000, with an average dispersion M»D 
= Mw/Mn of 2.1- 

Example 2: polymerization of ethylene 

9 Z7* ml of toluene containing 1 mmole/1 of TIBAL as 
purity scavenger, are charged into a 250 .1 glass reac- 
tor, e q uipped witn a magnetic stirrer and thermostat- 
regulated at 50 -C. 10 ,1 of a toluene solution are added 

, ■ i 5 . 10" 3 mmoles of 

under a nitrogen flow, containing 1.5 

10 Mr(I2)l complex" and 1.5-10-3 _ les ,0.7! mg, of 
12 ,3,4,5,6,7,8-octafluoro-S- (P entafluoro phenyl, fluorene 
(PFF) , prepared as described in example 3 of the ahove-men- 
tioned European patent application nr. 1,013,675. 

Th e reactor is pressurized at 50 KPa (rel.) with eth- 
15 yl ene and the mixture is maintained under stirring for 60 
m inutes at 50 -C. continuously feeding ethylene to maintain 

tI „ f , t the initial value. At the end, the 
the pressure constant at tne 

re actor is depressurized and 5 ml of methanol are intro- 
duced to complete the polymerization and deactivate the 
2 0 catalyst. The polymer is recovered hy precipitation in 400 
Bl of methanol acidified with hydrochloric acid, filtratzon 

=+- an °C for about 8 hours. 15 g of 
and drying under vacuum at 40 C tor 

nhi-ained with Mw = 186,000, Mn = 77,200 
polyethylene are obtaxned, 



25 



and MWD = 2.4. 

Example 3-. ethylene/ 1-hexene copolymerization 
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A solution of the polarization catalyst according to 
the present invention is prepared separately, by dissolve 
61 mg (0.048 mmoles, of the »TiI2 complex", prepared ac- 
cording to tne previous preparative example 9, in S3 ,1 of 

^ .HHina 44 mg (0.048 mmoles) of 
5 anhydrous toluene, and adding rag 

^- ffl wt„re at room temperature, so that 
B(C s F 5 ) 4 CPh 3 to this mixture, 

Mo B/Zr is equal to about 1. The catalyst so- 
the atomic ratio B/zr is e 4 u 

luCi on thus prepared is left to mature, leaving it under 
erring for 10 minutes at roo, temperature, before intro- 
0 ducing it into the polymerization mixture. 

9 00 ml of toluene (previously distilled on sodium 
metal,, 60 - of l"e (previously distilled on calcium 
hyd ride CaH 2 , and 1.= mmoles of TIBAL as impurity scaven- 
ger, are charged into a BUCHI autoclave with a 2 liter 
15 g lass reactor, eguipped with a helix stirrer and thermo- 
static iacxet, maintained under vacuum for at least two 
h0 urs, interrupted oy three flushings with nitrogen. The 
autoclave is pressurized with ethylene at 0.2 MPa, heated 
to a temperature of 40 -C and is then depressurized. 

!.l ml of the catalyst solution, prepared as above, 
are charged under an ethylene flow. The autoclave is agam 
pressurized at 20 KPa with ethylene and the polymerization 
, 3 ca^ied out for 30 minutes, by thermostat-regulating the 
temperature at 40 °C and continuously feeding ethylene to 
25 *eep the pressure constant during the test. At the end. the 



- 74 - 



reaction is interrupted by adding 5 ,1 of methanol acidi- 
£ied with hydrochloric acid, the autoclave is depressurized 
and tne polymer is recovered by precipitation witn 3 liters 
o£ acidified methanol and subseguent washing witb acetone. 
s 10 g of an ethylene/l-hexene (LLDPE/ activity 10 xg/»ol Ti) 
copolymer are obtained after drying, bavin, tbe following 

characteristics: 

number average molecular weight ««n, 123,000 and 
weight average molecular weight <Mw) 330,000 
0 molecular weight distribution (MUD - Mw/Mn) =2.7 

-F^m i-hpxene (1-hexene in- 
monomelic units deriving from 1 hexene 

serted) : 8% 

monomer reactivity product (ivr,): 0.64. 
Example 4: Ethylene polymerization with a catalyst 
15 prepaledT^nths before and preserved in a refrigerator. 

500 ml of anhydrous toluene and 0.75 mmoles of TIBAL 
as impurity scavenger, are charged, under a nitrogen flow, 
in to a 1 liter steel autoclave, washed with a solution of 
aluminum triisobutyl in toluene and dried at a high tem- 
20 perature and under vacuum. The lignid is thermostat- 

* »nd 10 ml of a toluene 

regulated at a temperature of 50 C and 

sol ution, containing 2.5-10-3 _ oles of aged »Zr (I 2„ com- 
pl ex», prepared according to the previous preparative exam- 
pie 4 and preserved in a refrigerator at + 5 °C for six 
2 5 months, are charged under a nitrogen flow. 2.5-10-= mmoles 
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, 2 3 mg, of B(C 6 F 5 ,.CP h 3 are then added and the autoclave rs 
pressurized at BO KPa <rel.> with ethylene, the pressure 
neing maintained constant for the following 30 minutes by 
the continuous feeding of ethylene. At the end. the auto- 
5 cl ave is depressurized and the reaction is stopped with 
methanol. The polymer is recovered by precipitation, by 
pouring the polymerization mixture into 2 liters of metha- 
nol acidified with hydrochloric acid and maintaining under 
vig orous stirring. After filtration and drying under vacuum 
10 at 40 -C for about 8 hours, 48 g of polyethylene are ob- 
tained, having Mn - 95,300, Mw - 195,000 and MKD = 2.05. 

Other embodiments and variations of the present inven- 
tion, different from those specifically described and 11- 
lustrated above, are however possible and accessible to 
15 technical experts in the art. 
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